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0> 7-Suba«tuts>d-1-cyctopropyt^^ 

adde; 7-at»ba1Riita^1-cyc»opropyM,4-d^ aclda; thalr darhratfvaa; and a 

procaaa for prapartng tha compounda. 

@ Compound of formul. f\/ *fW & <A I N C L ( l\J € ' 4W£> N M> H T hi Y # ( J) / A7(?- 



C4 
< 

<0 
CO 




COjRi 



aH-pm. AS Tl& ACT OC/ 4 <_ /)(C<r~7V7;5 



where X it CH. ! QO) CF, C OH, CO alkyl having from one to 
three carbons. C-NH-alkyl having from one to three carbons, or 
N; y'fts H, F, CI or Br; Rj it alfcyl having, from one to tour carbon 
atoms, vinyl. hatoafkyl. or hydroxyalkyl having from two to 
four carbon atoms or cyctoalkyt lhay ing three to six carbon 
atoms. Also described are methods tor their manufacture, for- 
mulation, and use in treating bacterial infections including the 
description of certain novel Hit«nt»edi*te& uacd ir. the manufac- 
ture of the compounds. The compounds are useful as antibac- 
terial agents. 
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7-SUBSTITUTED-1-CYCLOPROPYL-6 . 8-DIFLUORd-l . 4- 
DI HYDRO- 4-0X0-3 -QUINOLINECARBOXYLIC ACIDS ; 7- 
SUBSTITUTED-l-CYCLOPROPYL-1.4-DIHYDRO-6-r'LUORO- 
4-0X0-1 . 8-NAPHTHYRIDINE-3-CARBOXYLIC ACIDS; THEIR 
DERIVATIVES; AND A PROCESS FOR PREPARING THE 
COMPOUNDS 

\US fa^ent^AjJj^,!^^ j 8C los es certain substituted 
7-(3-ercino-l-pyrrolidinyl)-l-ethyl-6-fluoro-i , 4- 
<Ji. u .ydro-4-oxo-l,8-na?hthyridine-3-carboxylic acids 
having the general formula: 



2 178 



IS 




XjO 



CO„H 



C-.H. 
2 o 

i 



20 



85211721 



0153163 

-2- 

Tha cocpounds are disclosed to have antibacterial 
activity. .->■•■-*..• yx- - - 

Th« Journal of Medicinal Chemistry, 22, 135B 
(1980) discloses certain substituted quinoline-3- 
carboxylic acids having the structural formula 



10 




15 



where Lr. f^'i- niav be pyrrol id i nyl . See also US Patent 
4,146,719. The compounds are disclosed to have anti- 
bacterial activitv. 



20 
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European Patent Application 81 10 6747, 
Publication Number 047,005, published March 
discloses certain benzoxazine derivatives having the 
s tructural formula 




wherein A is halogen and 3 may be a cyclic amine 
substituent such as pyrrolidine, or piperidine. 

Certain 7-heterocyclic substituted 1,8- 
naphthyridines are disclosed in Eur. J. Med. Chem. - 
Chiraica Therapeutica, 29, 27 (1977). US Patents 
3,753,993 and 3,907,808 disclose certain 7-pyridyl- 
~qu inol ines ; * * " ' " " " 

The references teach that tnese compounds coss-ess 
antibacterial activity . 



15 SUMMA2Y OF THE INVENTION 

The invention in a first generic chemical 
compound aspect is a compound having the structural 
formula I 



2 3 80 
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wherein Z is -Z • -(CR5R6 ) n • 1HR3R4 , 

^— (CH-) ^~ (CR«.R fi ) ^ 

(CH-) (CH-) n — ' " - 



or 



^-(CH 0 ) n , M -CH-(CH ) - 
-lT 2 n | 2 n N-R, , 

^- — 1 — — — ^ 



CH. 



CH CH. 



in which 2 ''"""Is" -N * V , -S N - 

2 n 




v — s 

'•A 



X i3 CH, CCi, Cf, C-OH, CO-dlKyl having rr:^ 
one to thr-e carbon ator.is, C-fi:i-ai<yl 'riVi"- 
from one to tnree career, a t or N; 
'/"is hydrcoer., fluorine "Chlorine or hm^i-.* 
n is I, *2, J, o-r ■* ; 
"i ' is 1, ^ 3, rr 4 -oere::: 
oC 2. J, 4, or =»; 



* a* id a ten: 
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Rl is hydrogen, alkyl having from one to six 
carbon atoms or a cation; 
R2 is alkyl- having from one to four carbon 
atoms, vinyl, haloalkyl, or hydroxyalkyl 
having from two to four carbon atoms, or 
cycloalkyl having three to six carbon atoms; 
R3 is hydrogen, alkyl having from one to 
four carbon atoms or cycloalkyl having three 
to six carbon atoms; 

R4 is hydrogen, alkyl from one to four carbon 
atoms, hydroxyalkyl having two to four carbon 
atoms, trifluoroethyl or R7CO- wherein R7 is 
alkyl having from one to four carbon atoms, or 
alkoxy having from one to four carbon atoms, 
with the proviso that when X is N and 2 is 



-N 



- ( e H 2>n 



-(CH 2 ) n , 



^>-^tJR 3 R 4 An which n +- n' is 3, 



R3 is cycloalkyl having three to six carbon 
atom, or R3 is alkyl from one to four carbon 
atoms and- R4 is alkyl from one- to four carbon- 
atoms, hydroxyalkyl having two to four carbon 
atoms or trifluoroethyl; 

R5 is hydrogen, or alkyl having from one to 
three carbon atoms; 

R6 is hydrogen or alkyl having from one to 
three carbon atoms; 

where X is C-OH said hydrogen of C-OH and said 
R 2 ot N-R2.svay be displaced by the ring 
forming radical 

-CH-CH- wherein 
I I 
R 8 R 9 

R8 is hydrogen or an alkyl group of one t? 
three carbon atons and 

F*9 is hydrogen or an alkyl ^rocp oi on* ^ 
three carbon a:;:rs, 

- 2 l 8 : > q c; 9 1 1 n 9 1 
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R 9 ia hydrogen or an alkyl group of one to 
three carbon atoms* 
"and the pharmaceutical^ acceptable acid 
.addition or base salts thereof. 
5.. The significance of the symbol ~ is intended 

only to show point of attachment of the radical to 
other atoms of the remaining component of the 
. molecule* w , _ 

Compounds where X is C-OH wherein said hydrogen 
10 and said R2 of NR2 are displaced oy the ring form- 
ing radical -CH-CH- have the following formula: 
II 

Rq Rg 




k 8 
la 

15 " 'The preferred compounds "of this invention are 
those wherein 2' is 



v-'.wKstesjr. 



-N 1 



■ |CH 2'n 



Also preferred compounds of this invention are those 
wherein Z is 



20 - .f 2 n^V^ 5 6 r. --X-p 

2 183 -: 1 X x * F 3 

(CH 2 } (CK 2 5 .V^ 
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Other preferred compounds of this invention 
are those wherein Y is fluorine. 

Other preferred compounds of thfcsv invention are . 
those wherein X is N, CH, or OF. 

Other preferred compounds of this invention are 
those" cyclic derivatives wherein C-O is linked to the 
l^nitrogen by the -CHReCHRg radical, and Rq and 
R9 are each hydrogen or methyl* 

" - ^Other pref erred compounds of ^Wi^thvention" are ' 
those wherein R\ is hydrogen or a pharmaceutical^ 
acceptable base salt such as a metal or amine salt. 

Other preferred compounds of this invention are 
those wherein R2 is ethyl, vinyl, or 2-f luoroethyl . 

Other preferred compounds of this invention are 
those wherein n M is one, R3 is hydrogen, methyl, 
ethyl, or n-propyl, and R4, R5, and R6 are 
hydrogen. 

The most preferred compounds are those wherein X 
is N or CF, Z is 



25 



"0 s 



CH 2 -NHR- 



or 




Rl is hydrogen, R2 is ethyl, vinyl, or 2-f luoroethyl , 
and R3 is hydrogen, methyl, ethyl, 1- or 2-propyl, or < 
pharmaceutical^ acceptable acid v addition or base salt 
thereof. 

Additionally, most preferred compounds include 
those wherein Y is fluorine; X is CF; Ro is ^yclo- 



propyl; 2 is 



2 ) n -NHR. 



in which n" is U or 1 and R3 is hydrogen, methyl, 
30 ethyl, 1- or 2-propyl, andlq is hydrogen or a pharma- 
ceutical^ acceotaole oase salt thereof. 

Most preferred compounds also induce these 
wherein Y is fluorine; X is N; K2 is cycloprooyl; 
2 18 4 ocr^4 4m-\4 
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(CH,)-NHR, 
in i 



in which n" is 0 or 1 and 



R 3 is hydrogen, methylf ethyl ,' 1- or 2-propyl, and Ri 
is hydrogen. or a pharmaceutical^ acceptable base 
s,alt~thereof . ... ^ 

5 Particularly preferred species of the invention 

are the compounds having the names: 

l,4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylic acid; 
7-l3-(aminomethyl)-l-pyrrolidinyl]-l-ethyl-6,8- 
10 difluoro-l,4-dihydro-4-oxo-3-quinolinecarboxylic acid; 
7-l3-(aminoroethyl)-l-pyrrolidinyl)-6,8-difluoro-l- 
( 2-f luoroethyl ) -1 , 4-dihydro-4-oxo-3-quinoline- 
carboxylic acid; 

7-t3-(aminomethyl)-l-pyrrolidinyl]-6,8-difluoro-l- 
15 ethenyl-l,4-dihydro-4-oxo-3-quinolinecarboxylic acid; 
l-ethyl-7- 13-1 (ethylamino)methyl] -1-pyrrolidinyl] - 

6- f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyridine-3- 
carboxylic acid; 

l-ethyl-7- 13-1 (ethylamino)methyll-l-pyrrolidinyl 1-6,8- 
2 0 d i f luoro- 1,4-dihyd rb- 4-oxo-3-quTnb 1 i ne ca r bo xy 1 i c acid; 

7- 13-1 (ethylami no) methyl) -1-pyrrolidinyl ] -6,8- 
d if luoro-1- ( 2-f luoroethyl )-l, 4-dihydro-4-oxo-3- 
quinol inecarboxyl ic acid; 

7-13-1 (ethylanino)roethyl-l-pyrrolidinyl) -6, 8-dif luoro- 
2 5 1-e theny 1-1, 4-dihydro-4-oxo-3-quinol inecarboxyl ic 
acid; 

l-ethyl-6-f luoro-1, 4-dihydro-jfel 3- ( I ( 1-methyiethyl ) - 
amino]methyl]-l-pyrrolidin.yl] -4-oxo-l , 3-naphthyr idine- 
3-carboxylic acid; 
*0 l-ethyl-7- 13- I I ( 1-methylethyl ) amino] 1 methyl 1 -1- 
pyrrolidinyl) -6, 8-dif luorc-i , 4-d.i*yJro-4-oxo-3- 
quinol inecarboxyl ic acid; 

9-f luoiro-2 , 3-d l ny.-jro-3-;ne tny 1- 1 0 - ( 7 -methyl- 2 , 7- 
d iazas?ircl4 .4] ncr.-2-yl ) -"-cxo—K-pyr ico [1.2, 3-de] - 
35 1 , 4-t>en:oxaz ir.e-6-ca rooxy 1 i z aci-i; 

l-ethvl-6-fljoro-i,4-d: r./d r z, - ~- \ ~ - r »* : - - . 



diazaspirol4.4]non-2-yr)-4-oxo-l,8-naphthyridine-3- 
carboxylic acid) 

l-ethya^6,8-di£luoro-l,4-dihydro-7-(7-ethy r lr2/7- 
d iazaspiro [4 . 4 ] non-2-yl ) -4-oxo-3-quinol inecarboxyl ic 
5 acid; 

l-ethyl-6,8-dif luoro-1, 4-dihydro-7M7-methy 1-2, 7- 
diazaspiro[4.4]non-2-yl)-4-oxo-3-quinolinecarboxylic 

acid; 

• •• 7- ( 3--amino-l-pyrrol id inyl ) -1-e thy ,-8.-d : -fc*fcu.oro-l , 4-. . 
10 dihydro-4-oxo-3-quinolinecarboxylic acid; 

7-< 3-amino-l-azetidinyl )-l-ethyl-6-f luoro-1 , 4-dihydro- 
4-oxo-l,8-naphthyridine-3-carboxylic acid; 
7-l3-{aminomethyl)-l-pyrrolidinyl]-l-cyclopropyl-6,8- 

d if luoro-1, 4-dihydro-4-oxo-3-quinolinecarboxylic acid; 

15 l-cyclopropyl-7-l3-l(ethylamino)raethyl) -1-pyrro- 

lidinyl] -6, 8-dif luoro-1, 4-dihydro-4-oxo-3-quinoline- 

carboxylic acid; ^ 

C.l3-amino-l-pyrrolidinyl]-l-cyclopropyl-6,8-difluoro- 
,4-dihydro-4-oxo-3-quinolinecarboxylic acid; 
20 l-cyclopropyl-7-t3-l (methylamino)methyl] -1-pyrro- 

1 . id inyl ] -6..,A-d.if luoro-1 , 4-d ihydro-4-oxc^-quinolxne- ^ 
carboxylic acid; 

l-cyclopropyl-7-l3-(ethylamino)-l-pyrrolidinyl] -6,8- 
d if luoro-1 , 4-dihydro-4-oxo-3-quinol inecarboxyl ic 
25 acid; 

l-cyclopropyl-6,8-dif luoro-1, 4-dihydro-7- [3- 11(1- 
raethylethyUair.i no] methyl] -1 -pyrrol id inyl ] -4-oxo- 3- 
quinolinecarboxyl ic acid; 

7 - [ 3 - ( am i norae thy 1 ) - 1 -py r r o 1 id i ny 1 ] - 1 - cy c 1 o pr opy 1 - 1 . 4 - 
30 dihydrc-6-fluoro-4-oxo-l,8-na P hthyridine-3-carboxylic 

acid; 

l-cyclopropyl-7-(3-[ (etnylamino)methyl ] -1-pyrro- 
lidinyl]-l,4-dihydro-6-fludro-4-oxo-lr8--n : aphthyriJine 

3-carboxyl ic acid; 
3 5 7-l3-aaino-l-pyrrclidinyll-l-cyclopro«.yl-1.4-dihydrD- 

6-f luoro-4-oxo-l , 6- napL thyr i d l - 3 -c 2 rtoxy i :c ac : 1 ; 
2 186 
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and the pharmaceutical^ acceptable acid addition or 
base salts thereof. 

The invention also includes^in a second generic 
chemical compound aspect compounds having the 
following structural formulae 




wherein R3 and R4 are defined hereinabove, with 

the proviso that R3 cannot be hydrogen; and the acid 

addition salts thereof. 

The invention further includes as particular 
species of its second generic chemical compound aspect 
the intermediate compounds having the names ethyl 
I (3-pyrrolidinyl)methyl]carbamate, N-ethyl- and N- 
me thyl- T*p^rr6ll id InemethahlTmine , 2-me thy 1- and 
2-ethyl-2,7-diazaspiro[4 .4] nonane and the acid 
addition salts thereof. 

The following process for preparing compounds of 
the formula 




III 



wherein R^, R 2 , X, Y , and Z are as defined for 
formula I which comprises reacting a compound having 
2 1 8 7 
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IV 



with an amine corresponding to the group Z wherein Z 
is the compound having' the structural formula 



R.RJ-(CRX) . ( NH 

4 3 5 6 n \ch,) X 



H _ r (cH 2 ) n yc R5 R 6 ) n ^_ 



MCH 2 ) n <\(CH 2 ) n ,. 



Via 



VIb 



"Of 



H-N 



,(CH 2 ) nBr 



CH- (CH J. „„,.,.. 



CH. 



'2'rV* 
•CH. 



N-R. 



VTc 



wherein all of the above terms are as defined in 
formula I and L is a leaving group which is prefer- 
ably fluorine or^chlor ine . 

The invention aiso includes a pharmaceutical 
10 composition which comprises an ant i bacter i a 1 ly 
effective amcjnt. of * confound having structural 
formula I and tr.r? pnai\*ac*ut icaUy acceptable- sa ; l ts 
thereof in cornbir.a z ion witn a phar;;iciceut ical ly 
acceptable carrier. 



2 i se 
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The invention further includes V method for 
treating bacterial infections in a mammal which 
comprises administering an ant ibacter i ally effective 
amount of the above defined pharmaceutical composition 
5 to a mammal in need thereof. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The compounds of the invention having the 
> structural ?f orraula III may be readily prepared by ~ 
treating a corresponding compound having the struc- 
10 tural formula IV or V witn the desired cyclic amine 
Via, VIb, or Vic. For purposes of this reaction, the 
alkylamine substituent of Compound Via, VIb, or Vic 
may, if desired, be protected by a group which renders 
it substantially inert to the reaction conditions. 
15 Thus, for example, protecting groups such as the 
following may be utilized: 

carboxylic acyl groups such as forrayl, acetyl, 
trif luoroacetyl ; 

alkoxycarbonyl groups such as ethoxycarbonyl , 
20 t-bu toxycarbpnyJL , , 6, 0, B-trichloroethAxyj^arb.onyl , 
S-iodoe thoxycarbonyl ; 

ary loxycarbonyl groups sucn as benzyloxycarbonyl , 

£-me thoxybenzyloxycarbonyl , phenoxycarbony 1 ; 

silyl groups such trime thylsi lyl ; and groups such as 

25 trityl, te t rahydropyrany 1 , vinyloxycarbonyl , 
o-nitrophenylsulf enyl , d i phenyl phosph inyl , 
£-toluenesulf onyl , and benzyl, may all be utilized. 
The protecting group may be removed, after the 
reaction between Compound IV or V and Compound Via, 

30 VIb, or Vic if desired, by procedures known to those 
skilled in the art. For example, the ethoxycarbonyl 
gr5up may be reSfoved by acid or bas"e~hydrolys is and 
the trityl group nay be removed by hydrogenoly s :s . 
2 18*3 
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The reaction between the compound of structural 
formula IV or V and a suitably protected compound of 
formula Via, Vlo, and Vic may be performed witn or 
without a solvent, preferably at elevated temperature 
5 for a sufficient time so that the reaction is 

substantiallYi^omplete. The reaction's preferably 
carried out in the presence of an acid acceptor such 
as an alkali metal or alkaline earth metal carbonate 
or bicarbonate, a tertiary amine such.a^ ,^^ r: ^. 
10 triethylamine, pyridine, or picoline. Alternatively 
an excess of the compound of formula VI may be 
utilized as the acid acceptor. 

Convenient solvents for this reaction are non- 
reactive solvents such as acetonitrile, tetra- 
15 hydrofuran, ethanol, chloroform, diraethylsulf oxide , 
dimethylformamide, pyridine, picoline, water, and the 
like. Solvent mixtures may also be utilized. 

Convenient reaction temperatures are in the range 
of from about 20° to about 150°C; higher temperatures 
20 usually require shorter reaction times. 

The removal of the protecting group R4 may be 
accbmplisl^ before or af ter'Tsolating the 

product, III. Alternatively, the protecting group R4 
need not be removed. 
25 The starting compounds having structural formulae 

IV and V are known in the art or, if new, may be 
prepared from known starting materials by standard 
procedures or by variations thereof. Thus the 
following compounds are disclosed in the noted 
30 references: 
2 190 
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W 2 " 



C 2 H 5 



.European Patent. Application JO 40 1369 




J. Med. Chen.., 23, 1358 (1980) 




Europea 



n Patent Application 0078362 




2 19 1 
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British Patent 2,057,440 




European Patent Application 81 10 6747 
l-Cyclopropyl-6,7,8-trif luoro-1, 4-dihydro-4- 
oxo-3-quinolinecarboxylic acid may be prepared by a 
series of reactions starting from 2, 3, 4, 5-tetraf luoro- 
5 benzoic acid. The sodium salt of 2, 3, 4, 5-tetraf luoro- 
benzoic acid is reacted with oxalyl chloride and the 
product condensed with diethyl malonate in the 
presence of magnesium turnings to afford After 
hydrolysis 2, 3, T~, 5-tetraf luorobenzoylacetic acid, 
10 ethyl ester • This compound is, in turn, treated with 
triethylorthoformate and acetic anhydride, followed by 
cyclopropylamine to afford 2-( 2, 3,4, 5-tetraf luoro- 
benzoyl )-2-cyclopropylaminoacryl ic acid, ethyl ester, 
which is then ring closed and hydrolysed with sodium 
15 hydride to give the desired intermediate. 

7-Chloro-T-cyclopropyl-6-f luoro-1 ,4-dihydro-4- 

oxo-l,8-naphthyridine-3-carboxyl ic acid may be pre- 
pared by a series of reactions starting from 4-(6- 
chlbro-3-ni tro-2-pyr id inyl )-l-piperazinecarboxylic 
20 acid, ethyl- ester; The intermediater 1-cyciopropyl- 
6-f luoro-I , 4-dihydro-4-oxo-7-( 1 -pipe raz inyl )-l , 8- 
naphthyr id ine-3-carboxyl ic acid can be converted to 
2 192 
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the 7-hydroxy derivative with a mtxtjire of .nitric and . 
sulfuric acids which is then replaced by chlorine by 
treatment with phosphorus oxychloride to give the 
desired intermediate. The synthflis of both of the 
above N-cyclopropyl intermediates is described In the 
Preparative Examples. 

The compounds of the invention having structural 
formula Via, Vlb, or Vic are either known compounds, or 
they may , be prepared from known starting materials by 
standard procedures or by variations thereof. For 
example, 3-pyrrolidinemethanamines having the 
structural formula D 



I N-H 

9 



CH 2 NHR 3 



may be readily prepared from the known starting 
15 material methyl 5-oxo-l-(phenylmethyl )-3- 

pyrrolidinecarboxylate, A, U. Org. Chem., 26, 1519 
( 1 96iyrby "the following react ib'n'seq'taence . 



£3 



C0 2 CH 3 



CH 2 C 6 H 5 



NH 2 R 3 



CONHR. 



CH 2 C 6 H 5 



^H 2 NHR 3 




ch 2 :ihr 3 



CH 2 C 6 H. 
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.: The compound wherein R3 is hydrogen, namely 
3-pyrrolidinemethanamine, has been reported in J. 
Org. Chera., 26, 4955 (1*61). 

Thiis'^n^ound A may be converted to the cor- 
responding amide B by treatment with R3NH2; for 
example, a saturated solution of ethy .amine in an 
alkanol such as methyl alcohol may be utilized. The 
diamide B may next be reduced to produce the 
corresponding diamine C. This reduction may be 
carried out using lithium aluminum hydride, for 
example, in a convenient solvent such as 
tetrahydrofuran. Compound C may next be debenzylated , 
for example using hydrogen and 20% palladium on carbon 
catalyst to produce the diamine D. Alternatively, 
15 when R - H in C, the primary amine function may be 
protected with a group R4 as defined, hereinabove. 
For example, the primary amine function may be 
acylated with an acyl halide such as acetyl chloride 
by well known procedures. The primary amine function 
of C may also be converted to a carbamate ester such 
as the ethyl ester by treatment with ethyl chloro- 
forraate in ' ''tTie"pr'esence of a strong base such as 
l,8-diazabicyclol5.4.0)undec-7-ene in a convenient 
solvent such as methylene chloride. The benzyl group 
may next be removed, for example as described above 
fcr Compound C, thereby producing Compound D where R 
is -C02Et, which after conversion to a compound of 
the type Via or VIb may be reacted with a compound 
having the structural formula IV or V to thereby 
produce a corresponding compound having the structural 
formulae I or la. The -C02Et group may be removed by 
standard procedures. 



20 



25 



30 
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Likewise spiroamino compounds represented by 
structural formula Vlb may be readily • prepared from 
the known starting material 3-ethoxycarbonyl-5-oxo- 
3-pyrrolidiheacetic acid ethyl este^U . Org. Che's., 
5 46, 2757 (1981) J by the following reaction sequence. 



O 




G h 

r - 

.ocr* 

J 



The compound 2, 7-diazaspiro [4.4]nonane where R3 
is H is described in the above reference. Thus Com- 
pound E may be converted to the corresponding amide 

10 F by treatment with R3NH2# for example, methyl amine 
in water followed by benzylation which may b*r carried 
out with sodium hydride and benzyl chloride to give G. 
Reduction to the diamine H may be accomplished with 
lithium aluminum hydride. Subsequent oebenzy 1 a t ion , 

15 for example, with hydrogen and 201 palladium on carbon 
catalyst produces the diamine J. 
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- • The' • irilFeWion 'also relates to a process for 
preparing compounds o£ the invention of the formula 



R 4 R 3 N(CR 5 R 6 ) n . 




v.». .v. -mum. t v ;,\ 



lb 

which comprises reacting a compound having structural 
5 formula 



H 3 C \ 

N-CH=CH-C 




I 

R. 



VII 



with an amidine having structural formula 



NH 

li 



iH 2 N.C-(CR 5 R 6 ) ni ,NP. 2 R 4 



VIII 

wnerein X, V : V"n 1 -R 6/ and n' 1 are defined for"' 
10 formula I. 

In addition, the invention also relates to a 
process for preparing a compound having structural 



f ormul a 
219G 
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R 4 R3N(C?. 5 R 6 ) n „ 

Ic 

which comprises: a) reacting a compound having the 
structural formula 

0 




IX 



o 

II 



with a dihalo ketone of the formula Hal-CH2*C- 
5 (CR 5 R6) n ' '-Hal wherein X, Y , R, R2# *5' and R 6 

are defined for formula I; n' ' is 1 or 2, and Hal is 
any convenient halogen, preferably chlorine, to 
produce the halome thy lthiazole ; 



Hal (CR.R,) ,. 
5 6 n 




10 b) displacing the halogen atom o£ X with an amino 
group of the formula R3R4N- or with azide ion; 
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c) reducing the azide group to produce the compound 
Ic wherein R3 and R4 are hydrogen; and d) optionally 
alkylating the primary amino function to produce com- 
pounds Ic ; ^ R3 and/or R4 are alky 1 of from one 
5 to three carbon atoms. 

The final process of this invention is for pre- 
paring compounds of the structural formula 



O 




Id 

which comprises reacting a compound having the 
10 structural formula 




XI 

with a thioamide having structural formula XII 
2 19 8 

S 

H> T C- <CR_R C ) „NR.R ... 
2 Don J 4 

XII 
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wherein X, Y, Ri-R*, and n' 1 are defined as in 
formula I. 

• the compounds of the inventi^having structural 
formula I wherein Z is 




N 



(CR s R 6 ) n «NR 3 R 4 



may be prepared from the correspondingly substituted 
methyl Ketone 




XIII 

wherein X f Y, Ri-R 6 , and n" are defined above. 
10 Thus compound XIII may be treated with t-butoxy-bis- 
dimethylaminomethane to give a compound having the 
structural formula XIV 

2 199 
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This "Wact Ion may be carried out by mixing the ^ 
two reactants in a nonreactive solvent such as 
dimethylformamide at an elevated temperature. 

Compound XIV may then be reacted with any of a 
5 variety of substituted araidines having the structural 
formula ~ 



NH 

II 

H N-C-(CR 5 R 6 ) M NR 3 R 4 



XV 

wherein R1-R6 and n 1 • are defined as in formula I 
to produce the correspondingly substituted 

10 pyrimidines. This reaction may be carried out by 

mixing the two reactants in an inert J3olvent such as 
t^butanol in the presence of a base such as potassium 
t^-butoxide at elevated temperature. Variations in 
these reactions, for example to maximize a particular 

15 yield is within the skill of the art. 

The compounds of the invention having structural 
formula I wherein 2 is 
22 00 
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aay also be prepared from the correspondingly sub- 
stituted methyl ketone XIII. Thus, compound XIII is 
first brominated to produce the a-bromoketone, XVI* 




XVI 

5 This reaction may be carried out by treating com- 

pound XIII with potassium bromate and hydrobromic acid 
in a nonreactive solvent such as acetic acid. Com- 
pound XVI is then reacted with any of a variety of 
thioamides having structural formula 



S 

ii 

10 H2NC-(CR5R6)n l 'NR3R4 



XVII 

wherein Ri-Rfc and n' ' are defined above to produce 
the correspondingly substituted 2-{substituted)- 
thiazol-4-yl compounds. This reaction may be carried 
out by mixing Compounds XVI and XVII in a non- 
15 reactive solvent such as ethanol or dimethyl formamide 
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5 



usually at room temperature. Variations In these 
reactions/ for example, to maximize a particular yield 
is within the^sfciTl of the art. J^* 

The compounds of the invention having structural 

formula 1 wherein 2 is ^^NCR^^^R, 

may be prepared from the correspondingly substituted 

thioamide 




XVIII - - 

10 by first reacting XVIII with a dihaloketone 



O 

Hal-CH2-C^CH2-Hal to produce the halomethyl thiazole 




XIX 

in tne preferred procedure, 1, 3-dichl.oroacetone 
is mixed "with XVIII in a nonreactive solvent such as 
15 N,N-dimethylformamide and heated to about 100°C for 
approximately four hours. The product XIX wherein H. 
represents chlorine, nay be isolated and purified by 
2 2 n *> 
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standard-procedures. This compound ^ti^~thtn~trcat«d 
with aside ion, preferably sodium azide r in a 
convenient nonreactive solvent such as s N,N- 
dimethylfo'rraamide by heating at aboiilT"l66 # C for about 
5 four hours. . The thus produced azido compound 




XX 

may then be reduced to produce the corresponding 
primary amine Ic where R3, R4, R5, and R6 are 
hydrogen. In the preferred procedure, the azide is 

10 dissolved in acetic acid and treated with hydrogen 
gas at atmospheric pressure using a 10% palladium on 
carbon catalyst. The corresponding secondary and 
tertiary amines may be produced by reacting XIX with 
the appropriate amine. When 2 is Via, VIb, 

15 or Vic in formula I, compounds where R2 iVcyclbalkyl 
may be prepared by methods outlined in United States 
Patent 4,359,578 or by the method described in 
European Patent Publication Number 00078362. 
2203 
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Compounds-of' formulae la where Z is 



N— 



(CR 5 R 6 ) n „NR 3 R 4 



a 



N^(CR 5 R 6 ) n viNR'3R4 



may be prepared by methods described above for com- 
pounds of the formula lb and Id starting with a methyl 
5 ketone of the formula 




H^C 



10 



wherein R 1# R 8# R 9 , and Y have been defined above. 

The compounds of the invention display anti- 
bacterial activity when tested by the microt i trat ion 
dilution method as descrioed in Heifetz, et al, 
Antimicr. Agents & CheTtioth., 6, 124 ( 1 974 ), which is 
incorporated herein by reference. 

3y use of the above referenced method, the 

followed *mrnimum inhibitory concentration- values (MI^s 

■-■* 

15 in ug/ml > -were oDtamed for tepi tsem^xve .cumuyunus, 
of the invention and the prior art compound 7-(3- 
ami no - 1 -pyrrol id inyl ■ - 1 -ethyl- 6- f luoro-1 , 4-dihydro- 
4-oxo-l ( 8-naphthyr idine- 3-carcoxyl ic acid designates 
as ** m the taole. 
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The compounds of the invention are capable of 
forming both pharmaceutical^ acceptable acid addition 
and/or base.saits^^ese salts are formed with metals 
or amines, such as alkali and alkaline earth metals or 
5 organic amines. Examples of metals used as cations 
are sodium, potassium, magnesium, calcium, and the 
like. Also included are heavy metal salts such as 
for example silver, zinc, cobalt, and cerium. Such 

~ ~ heavy ^me^a^rs-a l^s -are - effective in the treatment of 1 

10 burns especially when applied to the affected surface 
of a burn victim either directly or in combination 
with a physiologically acceptable carrier such as a 
water dispersible, hydrophilic carrier. Examples of 
suitable amines are N^rdibenzylethylenediamine, 

15 chloroprocaine, choline, diethanolamine, 

ethylenediamine, N-methylglucamine, and procaine. 

Pharmaceutical^ acceptable acid addition salts 
are formed with organic and inorganic acids. 

Examples of suitable acids for salt formation 

20 are hydrochloric, sulfuric, phosphoric, acetic, 
citric, oxalic, malonic, sa 

fumaric, succinic, ascorbic, ma 1 etc-, me thanesulf onic, 
and the like. The salts are prepared by contacting 
the free base form with a sufficient amount of the 

25 desired acid to produce either a mono or di, etc salt 
in the conventional manner. The free base forxs may 
be regenerated by treating the salt form with a base. 
For example, dilute solutions of aqueous base 
may be utilized. Di lute*' aqueous sodium hydroxide, 

30 potassium carbonate, ammonia, and sodium bicarbonate 
solutions are suitable for this purpose. The free 
base forms differ from their respective salt forms 
. somewhat in certain physical properties such as 
solubility in polar solvents, but the salts are 

35 otherwise equivalent to their respective free base 

forms for purposes oz trie invention. : Jse of excess 
2 2 1 G 
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base where R'" is hydrogen gives the corresponding 
basic salt. 

The compounds of the invention can exist in un- 
solvated as well as solvated forms, including if/drated 
5 forms... In general, the solvated forms, including 
hydrated forms and the like are equivalent to the 
unsolvated forms for purposes of the invention. 

The alkyl groups contemplated by the invention 
...... comprise both straight and branched^rj^n ch a Us of 

10 from one to about three carbon atoms except when 

specifically stated to be greater than three carbon 
atoms. Representative of such groups are methyl, 
ethyl, propyl, isopropyl, and the like. 

The cycloalkyl groups contemplated by the inven- 
15 tion comprise those having three to six carbons atoms 
such as cyclopropyl, cyclobutyl, cyclopentyl, and 
cyclohexyl. 

The alkoxy groups contemplated by the invention 
comprise both straight and branched carbon chains of 
20 from one to about six carbon atoms unless otherwise 

specified. Representative of such groups are methoxy, 
*"'" " e thoxy ,'"pro"pox^ and • the" 

like. 

The term, haloalkyl, is intended to include ha.lo- 
25 gen substituted straight and branched, carbon chains of 
from two to four carbon atoms. Those skilled in tne 
art will recognize that the halogen substitoer.t may 
not be present on the a-carbon atom of the chain. 
'Representative of such groups are 6-f luoroethyl , 
3C e-chloroethyl , 8, e-dichioroethyl , i- 

chloropropyl , e-chloro-2-propy 1 , >-iodooutyi , and 
the like. ~ " 

The term halogen is intended to" include fluorine, 
chlorine, brcmine, and iodine unless otherwise 
35 specified. 
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Certain compounds "of the invention may exist in 
optically active forms. The pure D isomer, pure L 
isomer as. well as mijc^^ including the 

racemic mixtures, are contemplated by the invention. 
Additional assymmetric carbon atoms may be present in 
a substituent such as an alJcyl group. All such 
isomers as well as mixtures thereof are intended to be 
included in the invention. 

The compounds of- the invention can be prepared 
and administered in a wide variety of oral, parenteral 
and topical dosage forms. It will be obvious to those 
skilled in the art that the following dosage forms may 
comprise as the active component, either a compound of 
formula I or a corresponding pharmaceutical^ 
acceptable salt of a compound of formula I. 

For preparing pharmaceutical compositions from 
the compounds described by this invention, inert, 
pharmaceutical^/ acceptable carriers can be either 
solid or liquid. ' Solid form preparations include 
powders, tablets, dispersable granules, capsules, 
cachets , supposi tqrj.es , and oijit.:M 

carrier can be one or more subs tances which may also 
act as diluents, flavoring agents, solubi 1 izers , 
lubricants, suspending agents, binders, or tablets 
disintegrating agents; it can also be an encapsulating 
material. In powders, the carrier is a finely divided 
solid which is in admixture with the finely divided 
active compound . In the tablet the active compound is 
mixed with carrier having the necessary binding 
properties in suitable proportions and compacted in 
the shape and size desired. The powders and tablets 
preferably contain" from S or 10 to about 70 percent of 
the active ingredient. Suitable solid carriers *ro 
magnesiun carbonate, magnesium sterate, talc, sugar, 
lactose, pectin, dextrin, starch, gelatin, tragacan:;. , 
methyl cellulose, «odijm carocxymet/i/i cellulose, a 
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low mltlng : .g;ax,,jc.ocoa butter, and the l^e^.^^a -^«ra 
•preparation" is intended to include the formulation 
of the active compound with encapsulating material as 
^ carrier providing-* capsule in "which the ac^i'^«* : cbm- 
5 ponent (with or without other carriers) is surrounded 
by carrier , which is thus in association with it. 
Similarly, cachets are included. Tablets, powders, 
cachets, and capsules can be used as solid dosage 
forms suitable for oral administration. 

10 Liquid form preparations i n c 1 u d e * s b 1 u t i 6 h s 

suspensions and emulsions. As an example may be 
mentioned water or water-propylene glycol solutions 
for parenteral injection. - Such solutions are prepared 
so as to be acceptable to biological systems 

15 (isotonicity, pH, etc). Liquid preparations can also 
be formulated in solution in aqueous polyethylene 
glycol solution. Aqueous solutions suitable for oral 
use can be prepared by dissolving the active component 
in water and adding suitable colorants, flavors, 

20 stabilizing, and thickening agents as desired. 

Aqueous suspension suitable for oral use can be made 

v - r: . -by- Ui spe r slTrg* "the t i rie iy <3 1 v iWd a c t ive cdwpone rxt 1 - r ^ 
in waterWith viscous material, i.e., natural or 
synthetic gums, resins, methyl cellulose, sodium 

25 carboxyxethyl cellulose, and other well-known 
suspending agents . 

Ointment preparations contain heavy metal salts 
of a compound of formula I with a physiologically 
.acceptable carrier. The carrier is desirably a 

30 conventional water-dispersible nydrophilic or 

oil-in-water carrier, particularly a conventional 
semi-soft or crean-like wa ter-d ispers ible^or water 
soluble, oil-in-water emulsion which rJy be applied 
to an affected burn surface or infected surface with 

35 a minimum of discomfort. -Suitable compositions rxay 
be prepared by T.erely incorporating or hcmcgeneojsl / 
admixir.c finely iivided c:;.npocnd£ witr. the hydropnlic 
carrier :r oase zr cir.t^enc. 
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Preferably, the pharmaceutical preparation is in 
unit dosage form, m such form, the preparation is 
subdivided into unit doses containing appropriate 
quantises of the active component. The unit dosage 
form can be. a packaged preparation, the package con- 
taining discrete quantities of preparation, for 
example, packeted tablets, capsules, powders in 
vials or_ampoules, and ointments in tubes or jars. 
The unit dosage form can also be a capsule, cachet, 
tablet, ger or cfeam itself or it can be the ' " 

appropriate number of any of these packaged forms. 

The quantity of active compound in a unit dose 
of preparation may be varied or adjusted from 1 mg 
to 100 mg according to the particular application 
15 and the potency of the active ingredient. 

In therapeutic use as agents for treating bacter- 
ial infections the compounds utilized in the phar- 
maceutical method of this invention are administered 
at the initial dosage of about 3 mg to about 40 mg oer 
20 kilogram daily. A daily dose range of about 6 mg to 
about 14 mg per kilogram is preferred. The dosages, 

however ' - M y b * -W-i**-depending--upan-the- requirements-- 
of the patient, the severity of the condition being 
treated, and the compound being emoloyed. 
Determination of the proper dosage' for a particular 
situation is within the skill of the art. Generally, 
treatment is initiated with smaller dosages which are 
less than the optimum dose of the compound. 
Thereafter, the dosage is increased by small 
increments until the optimum effect under the 
circumstances is reached. For convenience, the total 
daily dosa-je may be divided and administered in 
portions .iurinn the* if dcci-' J 

The followina ncniinrting exz.rples illustrate 
the inventors' preferred methods for preparing the 
compounds of the invention. 
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EXAMPuE 1 
7*(3-(Aminomethyl )-l-?vrrolidlnyl] 

" 4-dihydro-4-oxo-l, 8-nachthvridlne-3-carboxyl ic acid . - u 
A mixture of 2.00 g (7,39 nmole) of 
5 7-chloro-l-ethyl-6-f luoro-l,4-dihydro-4-oxo-l,8- 
napthyridine-3-carboxylic acid, 250 ml acetonitrile 
and 2,22 g (22.17 mmole) 3-pyrrol idinemethanamine [J. 
Org. Chem., 26, 4955 (1961)], was stirred at room 
temperature torioui days . The react 'iW^ was -filtered 

10 and the precipitate dissolved in 500 ml ammonium 

hydroxide at ?H 10.5. This solution was filtered and 
the solvent removed at reduced pressure. The product 
was washed 2 x 10 ml of water, then with ethanol/ether 
(1:1) until dry to give 1.65 g of 7- [3-(aminome thyl )- 

15 1-pyrrolidinyl J -l-ethyl-6-f luoro-1, 4-dihydro-4-oxo- 
1 , 6-naphthyridine-3-carboxyl ic acid/ mp 217-218. 5°C. 
Analysis calculated for C16H19FN4C3 • I/2H2O 

C, 55.97; H, 5.87; N, 16.32 
Found C, 55.89; H, 5.66; N, 16.33 

20 EXAMPLE 2 

I -E th y 1 -6-f laoro-1 , 4 -d i hydro- 7 ( 3 - ( ( me.t h y 1 ami no)- . 
methyl ] -1 -pyrrol i d ir.yl ) -4-oxo-l , 8-naphthyridine-3- 
carboxylic acid 

1.00 g (3.69 mmole) 7-chloro-l-e thyl-6-f luoro- 

2 5 1, 4 -di hydro- 4 -oxo-1 , 8-na?tnyr id ine- 3-carboxyl ic acid, 
40 ml acetonitrile, and 1.27 g (11.08 mmole) N-methyl- 
3-pyrrolidineme thanamine are stirred at room tempera- 
ture for three days. The reaction was filtered and 
the precipitate dissolved in aqueous ammonium 

30 hydroxide at pH 11. The solution was filtered and the • 
solvent removed at redjced pressure. 'The product was 
washed with * of wct^r, ic til ethanol/ether 
and finally with ether until dry tc give 0.371 g of 
l-ethyl-6-f 1 jo r o-l f 4 -:: : nyjro- ?- i 3- [ i me t ny 1 air, 1 no ) - 

;■ 5 :,et:;/l i -i-tyrr id ir.yl ] - - - *; xo- L , S -nap h t hy r id : ne- 3- 
carboxyl ic ac:i, rr.p 2 i "_ - 1 'i 3 0 - . 
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Analysts calculated Cor Ci7H2lFN403vV2H20 

C, 57.1'3f H, 6.20; N, 15.68 
Found C, 57.19; H, 6.0J; N, 15.85 

EXAMPLE 3 

5 l-Ethyl-7-{3-[ (ethylaminolmethvl ) -1-py rrolidlnyl } - 

6- f luoro-l,4-dihydro-4-oxo-l,8-napthyridlne-3- 

carboxyllc acid 

1.00 g (3.69 mmole) of 7-chloro-l-e thyl-6-f luoro- 
1, 4-dihydro-4-oxo-l,8-napthyridine-3-carboxylic acid, 

10 10 0 ml: ace ton ttr i le and 1 . 4 2 g ( 1 1 . 0 8 mmole ) o f 
N-ethyl-3-pyrrolidinemethanamine were stirred for 
three days at room temperature. The reaction mixture 
was then filtered/ and the precipitate washed with 
water, ethanol/ether (1:3), and finally with ether 

15 until dry to give 0.715 g of l-ethyl-7- [3- 

l (ethyl ami no) methyl] -1-pyrrolidinyl 1 -6-f luoro- 

1, 4~dihydro-4-oxo-l,6-napthyridine-3-carboxylic acid, 

mp 229.5-231.5*0. 

The analysis was calculated for 

20 CieH23P N 4O3 #0 - 24H 2O 

C, 58.94; H, 6.45; N\ 15.27; H2O, 1.20 

Xound Ci 38.28;,, H,„ 6.85; tf, 1.4*90; H3CL, 0.80 

EXAMPLE 4 

l-Ethyl-6-f luoro-r, 4-dihydrc-4-oxo-7- (3- 
2 5 [ (propyl ami no) methyl ) -1-pyrrolidinyl ] -1 , 8- 
propy-naphthyr id ine-3-carboxyl ic acid 

A near solution of 0.82 g (3.0 mmole) of 

7- chloro-l -ethyl -6-f iuoro-i , 4 -d i hydro- 4 -oxo- 1 , 8- 
naphthyr idine-3-carbor.yl ic acid and 1.4 g (10 .Timole; 

30 of N-propy 1- 2-pyr rrl id iner?et*r anamine in 50 ml of 

acetonitrile was heated at reflux for four hours. The 
solvent was removed in vacuo, the residje dissolved m 
water, filtered through a fioer glass pad -to clarify 
aH3 Die filtrate adjusted to pH 1.8 vitn 6tf nydro- 

35 chloric acid. 
2222 
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lyophllized'and the residue recrystal lired from 

ethanol to give 400 mg l-ethyl-6-f luoro- 
l / 4-dihydro-4-oxo-7-t3-l(?ropyIan.ino)methyl)- 
i-pyrrolidinyll-irs-propy-naphthyridine-S-carboxylic 

5 acid, -rop 281-283»C as the hydrochloride. 

- EXAMPLE 5 

l-Ethvl-6-f 1^™-1 ■ 4-dihvdr — P- 1 "!' "^thvlethyl ); 
^JL^,, i.i-pYrrclldinvll^-niro-l^-naohthYridine- 

3-carboxvlic : „ac j d _ .-'"> r..-^- 

10 A near solution of 0.82 g (3.0 mmole) of 

7-chloro-l-ethyl-6-fluoro-l,4-dihydro-4-oxo-l,8- 

naphthyridine-3-carboxylic acid and 1.4 g (10 mmole) 
of N-(2-propyl)-3-pyrrolidinemethanamine in 50 ml of 
acetonitrile was heated at reflux for one hour. The 
15 solvent was removed in vacuo, the residue dissolved sn 
water, filtered through a fiber glass pad to clarify 
and the filtrate adjusted to P H 2.0 with 6M 
hydrochloric acid. The resulting clear solution was 
lyophilized and the residue recrystallized from 
20 ethanol to give 200 mg of l-ethyl-6-f luoro-1 , 4- 
dihydro-7- [3-11 ( 1-niethyle thyl )amino) methyl 1-1- 
• ? yrrol idlnyU -4-oxo-l,8-naphthyridine-3-carboxyl ic 
acid, mp : 30 2-304«C as the hydrochloride. 

example: 6. 

7-H-l(Cvcloproovla^i^>nethvll ^-^Y'-^^ dinv11 " 
l»th Y l-6-f luoro-1. 4>d <h Y Hm-4-oxo-l.a-naohth Y ridine T , 

3-carboxvlic acid 

A near solution of 0.82 g (3.0 nmole) of 7- 
•echloro-l-etnyl-6-fluoro-l,4-dihydro-4-oxo-l, 8- 
30 naphthyridine-3-carboxylic acid and 1.4 g (10 mole) 
of cyclooropyl-3-pyrrolidinen.ethanamine in >0 nu o. 
acetonitrile was heated at reflux for two hours. Tr.e 
solvent was renoved in vacuo, the residue oissolv.e. m 
water, filtered tnrough a fiber glass pad to. clarnv 
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and the filtrate-adjusted to pH 2/0 with 6M hydro- 
chloric acid. The resulting clear solution was 
lyophilised and the residue recrystallized from 
ethanol to give 600 mg of 7- 13- t (cyclopropylaroino)- 
5 methyl] -1-pyrrolidinyl) -l-ethyl-6-f luoro-l # 4- 

dihydro-4-oxo-l # 8-naphthyridine«3-carboxylic acid, ^ 
rap 271-274°C as the hydrochloride. 

EXAMPLE 7 

7-[3-(Aminoniethyl )-l-pyrrolidinyll rl-ethyl-6-f luoro- 
10 1, 4-dihydro-4-oxo-3-<juinolinecarboxyl ic acid 
A mixture of 1.00 g (3.95 mmole) of 
6, 7-dif luoro-l-ethyl-1, 4-dihydro-4-oxo-3- 
quinolinecarboxylic acid, 40 ml acetonitrile and 
1.28 g (12.75 mmole) of 3-pyrrol idinemethanaraine were 
15 stirred at room temperature overnight. The reaction 
was filtered, the precipitate washed with 10 ml of 
water, ethanol/e ther (1:1) and finally with ether 
until dry to give 1.13 g of 7- I3-(aminomethyl)-l- 
pyrrodinyl ] -l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-3- 
20 quinolinecarboxylic acid, mp 234-236°C. 

Analysis was calculated for Ci7H20 FN 3°3 * • 3H 2° 

^—^^7 60.27; H~; r T.iy, N, 12 . 40 ~ - - 

Found C, 60.63; H, 5.85; N, 12.01 

EXAMPLc 8 

2 5 1 -ethyl -6-f luoro-1, 4-dihydro-7- 13- [ [meihylamino)- 
me*.hyl] -1 -pyrrol idiny 1 ] -4 -ox 3- 3 -quinolinecarboxylic 
acid 

A mixture of 1.00 g (3.95 mr.ole) l-ethyl-6,7- 

d if luoro-1 , 4-dihydro-4-oxo- 2^qu inol inecarboxy 1 ic 

30 acid, 10 ml N, N-dime thyl f orfnar»ide , 75 ml acetonitrile, 

and 1.35 g (11.85 mmole) ot N-methyl-3-pyrrolidine- 

me thanami ne were ■> ref luxed overnight. The reaction was 

cooled, to room temperature and filtered. The 

precicitate was washed witn water, ethanoi/e ther 
2 2 2 1 
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, (It 3),, and finally with ether until dry to give 1.17 9 
of l-ethyl-6-f luoro-1, 4-dihydro-7-[3-[(methylamino)- 
m«thyll-l-pyrrolidinyl)-4-oxo-3-quinolinecarboxylic 

acid, mp 247-250»cr ^ 
5 Analysis for Ci8H22F**303»l/2H20 

C, 60.66; H; 6. SO; N, 11.79 
Found C, 60.69, H; 6.30} N, 11.82 

EXAMPLE 9 

l-Ethyl-7- [3- [ (e thylamlno)methyi) -1-Pvrrol idinyl 1 - 
10 6-f luoro-1 , 4-d i hyd ro- 4 -oxo- 3-gu i nbl i neca rboxyl ic acid 
A mixture of 2.70 g (10.0 mroole) of 7-chloro-l- 
ethyl-6-f luoro-1, 4-dihydro-4-oxo-3-quinolinecarboxy lie 

acid, 60 ml of 3-picoline and 3.85 g (30.0 ramole) of 
N-ethyl-3-pyrrolidinemethanamine were refluxed 

15 overnight. Reaction mixture was cooled to room 

temperature, 100 ml concentrated ammonium hydroxide 
added, and the solvents removed at reduced pressure. 
A solution of 200 ml dichloromethane/ether (1:3) was 
added. The resulting precipitate was filtered, washed 

20 with ethanol/ether (1:3) and finally with ether until 
' dry to give 1.87 g of l-ethyl-7- 13- I (ethylaraino)- 
- methyl] *-l-pyrrolidinyl ] -6-f luoro-1 > 4-d i hydro- 4-oxo- 3- 
quinolinecarboxylic acid, mp 248-252°C. 
Analysis calculated for C19H24FN3O3 • 1 . 48H 2 0 

25 C, 58.81; H, 7.00; N, 10.83 

Pound C, 58.70; H, 6.53; N, 10.85 

EXAMPLE 10 

7-t3-(Aminomethyl)-l-pyrrolidinvll -l-ethvl-6, 8- 
d if luoro-1, 4-dihydro-4-oxo-3-guinolinecarbo xvlic acid 
30 A mixture of 0.50 g (1.84 mmole) of 1-ethyl- 

6,7,8-trifluoro-l,4-dihydro-4-oxo-3-quinoline- 
carboxylic acid, 5 ml of acetoni tr i le , 0.28 g 
(1.84 mmole) of 1 , B-diazabicyc lo [ 5 . 4 . 0.) undec-7-ene 
2225 
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and 0.19 g (1.94 mmole) of 3-pytrolidinemethanamine was 
refluxed for one hour; then stirred at room tempera- 
ture overnight. The reaction was filtered and the 
precipitate^ashed with ethyl ether to give 0.56 g of 
7-l3-(aminoraethyl)-l-pyrrolidinyl]-l-ethyl-6,8- 
d if luoro-1 , 4-d ihydro-4-oxo- 3-qu inol inecarboxy 1 ic 

acid, mp 219-221'C. 

The following compounds were also prepared by 
the above procedure: 

7- l3-(aminomethyl )"-i-pyrroiidinyl ] -6, 8-dif luoro-1- 
(2-fluoroethyl)-l,4-dihydro-4-oxo-3-quinolinecar- 
boxylic acid, mp 224-226°C (10a) and 7-l3-(amino- 
raethyl)-l-pyrrolidinyl]-6,8-difluoro-l-ethenyl- 
1, 4-dihydro-4-oxo-3-quinolinecarboxylic acid, mp 
204-208 B C (10b). 

EXAMPLE 11 

l-Ethyl-7-[3-l(ethylamino)methvH-l -pYrrolidinyl)- 
6, 8-dif luoro-1 , 4-dihvdro-4-oxo-3-guinolineca rboxylic 
acid 

A mixture of 22.50 g (83.03 ramole) l-ethyl-1,4- 
dihydro-4-oxo-6,7,8-trif luoro-3-quinolihecarboxylic 
acid; 225 ^ 'mT acetonitrile, 11.25 g (87.08 mmole) " 
N-ethyl-3-pyrrolidinemethanamine and 12.6 g 
(83.03 mmole) 1, 8-diazabicyclo 1 5 . 4 .01 undec-7-ene was 
refluxed 1 hour then was stirred at room temperature 
overnight. The solid was filtered and washed with 
ether to give 26.33 g of l-ethyl-7- [3- I (ethylamino)- 
methyl] -1-pyrrolidinyl ] -6, 8-dif luoro-1 , 4-dihydro-4- 
oxo-3-quinolinecarboxyl ic acid, mp 208-210°C. 
Analysis calculated for C19H23F2N3O3 

C, 60.15; H, 6.11; N, 11.08 
Found C, 59.85; H, 6.17; U, 11.08 
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The following compounds were also prepared by 
the above procedure i- 

7-l3-I(ethylamlno)methylJ-l-pyrrolidinylJ-6,8- 
■ d if luoro-1- ( 2-£luoroethyl ) -1 , 4-dihydro-4-oxo-3r -r ' 
5 quinolineca.rboxyllc acid, mp 221-223'C (11a) , 
7-I3-I(ethylamino)methyll-l-pyrrolidinyl-6,8- 
difluoro-l-ethenyl-l,4-dihydro-4-oxo-3- 
quinolinecarboxylic acid, rap 217-220-C (lib), and 
1 -methyl- 7- 13- 1 (ethylamino)methyl]-l-pyrrolidinyll- 
10 6, 8-dif luoro-1, 4-dihydro-4-oxo-3-quiholinecarboxylic 
acid, rap 238-240°C (11c). 

EXAMPLR 12 

l-Ethvl-6 . 8-d i f luoro-1 . 4-dlhvdro-7- [ 3- [ I ( 2-hydroxy- 
ethyl)amino1 roethyll-l-pyrrolldinyl1-4-oxo-3-guinoline 
15 carboxylic acid 

A mixture of 0.50 g (1.84 ramole) of 1-ethyl- 
6,7,8-trifluoro-4-oxo-quinoline-3-carboxylic acid, 
5 ml acetonitrile, 0.28 g (1.84 ramole) 1,8-diaza- 
bicyclo(5.4.0)undec-7-ene and .28 g (1.94 mmole) of 

20 2-l(3-pyrrolidinylmethyl)arainoJethanol was refluxed one 
hour and then stirred at room temperature overnight. 
? n «, *«actiqn was filtered and the -precipitate .washed 
with ether until dry to give 0.58 g of 
1 -ethyl-6, 8-dif luoro-1, 4-dihydro-7- 13- [ I ( 2-hydroxy- 

25 ethyl )amino]methyl]-l-pyrrolidinyl ) -4-oxo-3-quinoline 
carboxylic acid, rap 215-216 , C. 

Using N-( 2, 2, 2-tri f luoroethyl )-3-pyrrol idine- 
methar.amine in the above procedure gave l-ethyl-6,8- 
difluoro-l,4-dihydro-4-oxo-7-(3-I I (2, 2, 2-trif luoro- 

30 ethyl )amino]methyl)-l-pyrrolidinyl]-3-quinoline- 
carboxylic acid, mp 182-183 - C (12a). 

Using three equivalents of N-(2-propyl )-3- 
pyrrolidinemethanamine and no l,8-diazabicyclo|5.4.0)- 
undec-7-erie in the above procedure gave l-ethyl-7- ( 3- 

35 1 1 (l-raethylethyl)aminolmethyl)-l-pyrrolidinyl)- 

6, 8-di f luoro-1 , 4-dihydro-4-oxo-3-quinol i necarboxyl ic 
acid, mp 198-200°C (12b). 
2227 
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EXAMPLE 13 

7-[4-( Amlnomethyl )-l-plper idinyl 1 -l-ethyl-6-f luoro- 
1, 4-dihydro-4-oxo-l , 8-naphthyr id ine-3-carboxv*. .c acid 
A aixture o£ 0.52 g W 19 mmole) o£ 7-chloro-l- 
•thyl-6-flu©ro-l,4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylic acid, 150 ml acetonitrile, "and 0.66 g 
(5.76 mmole) 4-aminomethylpiperldine U. Med. Chem., < 9_-"' 
441 (1966)] were stirred at room temperature for four 
days. The reaction was filtered and the precipitate 
'dissdlved^l'Yif'500 ml of aqueous ammonium hydroxide at 
pH 10.5. The solution was filtered and the solvent 
was removed at reduced pressure. The precipitate was 
washed with 5 ml of water, then ether until dry to 
give 0.42 g of 7-[4-(aminoraethy)-l-piperidinyll-l- 
ethyl-6-f luoro-1 , 4-dihydro-4-oxo-l, 8-naphthyr idine- 
3-carboxylic acid, mp 203-206°C. 
Analysis for C17H21FN4O3 *H20 

C, 55.73; H, 6.33; N, 15.29 
Found C, 55.30; H, 6.03; N, 15.30 

EXAMPLE 14 

7-13-(Aminomethyl)-l-piperidinyl1-l-ethyl-6- 
f luoro-l,4-dihydro-4-oxo-l,8-naphthyrldlne-3- 
carboxylic acid 

A mixture of 1.04 g (3.84 mmole) of 7-chloro- 
l-ethyl-6-fluoro-l,4-dihydro-4-oxo-l, 8-naphthyr idine- 
3-carboxylic acid, 100 ml of acetonitrile and 1.32 g 
(11.5 mmole) of 3-aminomethylpiperidine I J . Org. 
Chem., 44, 4536 (1979)1 were stirred at room 
temperature for four days. The reaction was filtered 
and the precipitate dissolved in aqueous ammonia, 
pH 10.5. The solution was filtered and the solvent 
removed at reduced pressure. The product was wasned 
with water, then ether until dry to give 1.23 g of 
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7-l3-(aminomethyl j-T-piperidinyl) -l-ethyl-6-f luoro- 
l,4-dihydro-4-oxo-l # 8-naphthyridine-3-carboxylic acid. 

Analysis for Ci7H2lFN403- .3H20 
5 C, 57.72> H, 6.15; N, 16.08 

Found C, 57.72; H # 6.00; N, 15;80 

EXAMPLE 15 

7-( 3-Amino-l-pyrrolldinyl)-l^ethyl-6.8-dif luoro-1 ,4- 
dihydro-4-oxo-3-quinollnecarboxylic acid - ^ - 

10 A suspension of 0.81 g (3.0 nnnole) of 1-ethyl- 

1 1 4-dihydro-6, 7, 8-trif luoro-4-oxo-3-quinoline- 
carboxylic acid, 1.28- g (10 mmole) of 3-acetylammino- 
pyrrolidine (United States Patent 4,341,784] and 1.5 g 
(15 mmole) of triethylamine in 50 ml of acetonitrile 

15 was refluxed for four hours. The solvent was removed 
in vacuo and the residue was dissolved in 50 ml of 
6.0 M hydrochloric acid/ethanol (1:1). The mixture 
was refluxed for four hours and the ethanol was 
removed in vacuo. The residue was diluted to 100 ml 

20 with water and adjusted to pH 7.3 with 1.0 N sodium 
hydroxide. After cooling to 5°C ,.thje ; .j>recipi tate 
was removed by filtration, washed successively with 
water, ethanol, ether, and dried in vacuo to give 
0.6 g of 7-(3-amino-l-pyrrolidinyl)-l-ethyl-6, 8- 

2 5 dif luoro-1, 4-dihydro-4-oxo-3-quinolinecarboxyl ic acid, 
mp 240-242°C. 

EXAMPLE 16 

7-( 3-Amino-l-a2etidinyl )-l-ethyl-6-f luoro-1 , 4- 
d ihydrb-4-oxo-l , 8-naphthyr idine-3-carboxvl ic acid 

30 A suspension of 0.81 g (3.0 mmole) of 7-chloro- 

1 -ethyl- 6-f luoro-1, 4-dihydro- 4 -oxo-1 ,8-naphthyr id ine- 
3-carboxylic acid, 1.0 g (6.0 mmole) of 1 , 1-riime thyl- 
e thyl-( 3-azetidinyl )carbanate, 1.0 g (10 mmole! tri- 
ethylamine and 50 ml of acetonitrile was heated at 

35 reflux 35 for four hours. The solvent was removed in 
2229 
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vacuo and the residue was dissolved In 10 ml of 

trifluoroacetic acid. "The solution was stirred at" 
room temperature for one hour, the solvent was removed 
in vacuo and the residue, dissolved in water. The 

5 turbid solujtion was clarified by filtration and the 
filtrate adjusted to pH 7.3 with 1.0 N sodium 
hydroxide. The resulting precipitate was removed by 
filtration, washed successively with water, ethanol 
and-ether. Drying in vacuo gave 0.2 g of 7-(3- 

10 amino-l-a2etidinyl)-l-ethyl-6-fluoro-lir4- 

dihydro-4-oxo-l*8-naphthyridine-3-carboxylic acid, 

mp 260-262*C. 

Using l,l-dimethyl(3-azetidinylmethyl)carbamate 

in the above procedure gave 7-[(3-aminomethyl)-l- 
15 azetidinyl J -l-ethylr6-f luoro-1 , 4-dihydro-4-oxo-l , 8- 
naphthyridine-3-carboxylic acid, mp 239-240-C (16a). 

EXAMPLE 17 

l-Ethvl-6-f luoro-1 . 4-dihydro-7- 1 3- \ («e thvlami no) - 
methvl1-4-oxo-1.8-naphthvridine- -*-*«rboxvllc acid 

20 A suspension of 0.81 g (3.0 mraole) of 7-chloro-l- 

ethyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 

carboxylic acid, 0.9 g (9.0 mmole) of N-methyl-3- 

azetidinemethanamine and 30 ml of acetonitrile was 
refluxed for six hours. The reaction was cooled to 

25 5 - C. The filtered solids were washed with 

acetonitrile, ether, and dried in vacuo. The dried 
solid was suspended in 70 ml of water and made basic 
to pH 11.0 after filtering through a fiber glass pad 
to clarify, the filtrate was acidified to pH 7.4 with 

30 1.0 M hydrochloric acid. The resulting precipitate 
was removed by filtration, washed successively with 
water, 2-propanol, ether and dried in vacuo to give 
270 mg of l-ethyl-6-f luoro-1 , 4-dihydrpr7- [ 3- 
l (me thyl ami no ) -me thy 1 1 -4 -oxo- 1 , 8 -naph t*yr id i ne- 3- 
35 carboxylic acid, mp 180-182°C. 
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.- - Using N-«thyl-3-azetidin«meth«namine loa the 
above procedure gave l-ethyl-7l (3-ethylaminomethyl)- 
1-axe tindyl 1 -6-£luoro-l , 4-dihydro-4-oxo-l , 8- 
naphthyridine-3-carboxylic acid, mp "208-210»C (17a). 
5 In similar fashion reaction of N-ethyl-3- 

azetidineraethanaraine with l-ethyl-l,4-dihydro-4-oxo- 
6,7,8-trifluoro-3-quinoline carboxylic acid using the 
above procedure gave 1 -e thy 1 - 7 1 ( 3 -e thy 1 am i nome thy 1 ) - 

10 3-quinolinecarboxylic acid, rap 208-2iO°C (17b). 

EXAMPLE 18 

10-1 3-( Ami nomethyl ) -1-pyrrolld inyl 1 -9-f luoro- 

2. 3- dihydro-3-methyl-7-oxo-7H-pvrldoll , 2, 3-del - 

1. 4- benzoxazine-6-carboxylic acid 

15 0.75 g (0.27 mmole) of 9, 10-dif luoro-2, 3-dihydro- 

3-methyl-7-oxo-7H-pyr ido [1 » 2,3-deJ-l , 4-benzoxazine-6- 
carboxylic acid, 40 ml acetonitr ile , and 0.80 g 
(8.0 mmole) of 3-pyrrolidinemethanamine were refluxed 
overnight. The solvent was removed at reduced 

20 pressure and the residue titurated with 40 ml of 

ethanol/ether (1:1), to give 0.90 g of 10- [ 3-(amino- 
methyl)-l-pyrrolidinyl]-9-fluofo-2T3-aihydro-3- 
methyl-7-oxo-7H-pyr idol 1,2, 3-de] -1 , 4-benzoxazine-6- 
carboxylic acid, mp 213-216°C. 

25 EXAMPLE 19 

9-Fluoro-2,3-dihydro-3-methyl-10- (3- 
l (methylaraino)methyl) -1-pyrrolidinyl) -7-oxo-7H- 
pyridotl , 2, 3-del -1, 4-benzoxazine-6-carboxvlic acid 
»::0.75 g (2.7 mmole) of 9, 10-dif luoro-2, 3-dihydro- 

30 3-methyl-7-oxo-7H-pyridoll, 2, 3-de) -1, 4-benzoxazine- 
6-carboxylic acid, 40 ml acetoni tri le, * and 0.91 g 
(0.80 mmole) of N-methyl-3-pyrrolidinemethanamine were 
refluxed overnight. The solvent....was removed at 
reduced pressure and the residue tititrated with 40 ml 

35 of methanol. The precipitate was filtered, washed 
repeatedly with 95% ethanol and finally with etner 
2 2 3 1 
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untll dry to give 0.68 g of 9-f luoro-2, 3-dihydro- 

3-B*thyl-10-l3-l(methylamino)methyll-i-pyrrolldinylJ- 

7-oxo-7H-pyridoll,2,3-del-l,4-benzoxazine-6-carDOxylic 

acid, mp 235-237. 5»C. 
5 Analysis for C19H22FN3O4/I/2H2O 

C, 59.37; H, 6.03; N, 10.93 ;-- 
Pound C, 59.34; H, 5.78; N, 10.95. 

EXAMPLE 20 

10-t2-t(Ethylamino)methylI-l-Pvrrolld lnvl1-9-f luoro- 

10 2, 3-dihydro-3-methyl-7-oxo-7H-pyridot 1,2. Shel- 
ly 4-benzoxazine-6-carboxylic acid 

0.75 g (2.7 ramole) of 9, 10-dif luoro-2, 3-dihydro- 
3-methyl-7-oxo-7H-pyr idol 1,2, 3-de] -l,4-benzoxazine-6- 
carboxylic acid, 40 ml acetonitrile and 1.03 g 

15 (8.00 mmole) of N-ethyl-3-pyrrolidinemethanan»ine were 
refluxed overnight. The reaction mixture was cooled 
in an ice bath and then filtered. The precipitate was 
washed with ethanol/ether (4:1), and then with ether 
until dry to give 0.86 g of 10- 13- [ (ethylamino) - 

20 methyl] -1-pyriolidinyll -9-f luoro-2, 3-dihydro-3- 

e thyl-7-oxo-7H-pyr ido [ 1 , 2 , 3-de 1 -1 , 4-benzoxaz ine-6- 
carboxylic acid, mp 221-224°C. • 
Analysis for C20H21PN3O4 • 1/2H 2 0 

C, 60.29; H, 6.33, N, 10.55 

25 Found C, 60.45, H, 6.21, N , 10.80 

EXAMPLE 21 

A general procedure for the compounds listed 
below is as follows: A mixture of 1 g of the 
appropriate halogenated quinoline or v ,naphthyridine 

30 carboxylic acid, 10 ml of an appropriate solvent 
(acetonitrile or fi-picoline), one equivalent of 
l,8-diazabicyclol5.4.0Junde-7-ene and 1.05 equivalents 
of the amine, are refluxed for a given amount of time, 
then stirred at room temperature overnight. The 

35 product is filtered off and washed with ethyl ether 
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Th e requisite amines may also be prepared accord- 
ing to the methods described in J, Heterocyclic Chera., 
20, 321, 439 (1983). 

1-e thyl-6-f luoro-1 , 4-dihydro-7- ( 5-me thyloctahydro- 
5 pyrrolo[3,4-c]pyrrol-2-yl)-4-oxo-l,8-naphthyridine- 

3-carboxylic acid, (21). ■ 

1-e thyl-6-f luoro-1 , 4-dihydro-7- (octahydropy rrolo 13,4- 
c ]pyr rol-2-yl ) -4-oxo-l , 8-naphthyr idine-3-carboxyl ic 

acid, (21a). 

1 0 1-e thyl - 6-f luoro-1 , 4-d ihydro-7- ( oc tahyd ro- lH-py r rolo 
1 3 , 4-c) pyr idin-2-yl )-4-oxo-l , 8-naphthyr idine-3- 
carboxylic acid (21b). 

1-e thyl-6-f luoro-1, 4-dihydro-7-( 5-me thyloctahydro- 
pyrrolo-l3,4-c)pyrrol-2-yl)-4-oxo-3-quinoline- 

15 carboxylic acid, (21c). 

. 1-e thyl-6-f luoro-1 , 4-dihydro-7-(octahydropyrrolo 13,4- 
c l-pyrrol-2-yl )-4-oxo-3-quinolinecarboxylic acid, 
(21d) . 

1-e thyl-6-f luoro-1, 4-dihydro-7-(octahydro-lH-pyrrolo- 
20 (3,4-c)pyridin-2-yl)-4-oxo-3-quinolinecarboxylic acid, 

(21e). 

1-e thyl-6,8-dif luoro-1, 4-dihydro-7-( 5-methyloctahydro- 
pyrroloi 3, 4-clpyrrol-2-yl )-4-oxo-3-quinol inecarboxyl ic 
acid, mp 213-214»C (21f). 

25 l-ethyl-6,8-dif luoro-1, 4-dihydro-7- (octahydropyrrolo- 
I3,4-£]pyrrol-2-yl )-4-oxo-3^quinol inecarboxyl ic acid, 
(21g). 
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l-«thyl-6,8-difluoro-l,4-dihydro-7-(octifiydro-lH- 
pyrrolol3,4-clpyridin-2-yl)-4-oxo-3-quiriolinecar- 

boxyllc acid (21h) ^ 

EXAMPLE 22 

l-Ethyl-6-f luoro-1 . 4-dihvdro-7-( 2 . 7-dlazas plro 1 4 . 4] - 
non-2-yiy-4-oxo-i > 8-naphthvridtne-3-carboxy llc acid 

Hydrochloride 

A suspension of of 1.10 g (4.00 romol) 1-ethyl- 
6-fluoro-7rchloro-4-oxo-l,4-dihydro-l,8-naphthyridine- 

3-carboxylic acid in 40 ml acetonitrile was treated 
with 1.10 g (8.7 mmol) 2,7-diazaspirol4.4]nonane and 
the mixture was stirred at room temperature 4.5 hours. 
A crude solid was filtered, stirred with 10 ml water, 
filtered, dissolved in 100 ml 6 M ammonium hydroxide 
and lyophilized to afford 0.53 g of solid. This was 
dissolved in dilute hydrochloric acid, filtered, 
lyophilized and crystallized from ethanol-water to 
give 0.26 g of the title compound, mp > 300°C. 
Analysis calcualted for CieH22 N 4 clF0 3 ! 

C, 54,47; H, 5.59? K, 14.12; CI, 8.94. 
Found: C, 54.14; H, 5.60, N, 13.85; CI, 8.68. 

EXAMPLE 23 

l-Ethvl-6 , 8-dif luoro-1 , 4-dihvdro-7- ( 2 . 7-diazaspiro- 
14 .4) non-2-yl)-4-oxo-3-quinolinecarPo xvlic acid 
5 A suspension of 0.81 g (3.0 mmol) l-ethyl-6,7,8- 

trifluoro-4-oxo-l,4-dihydroquinoline-3-carboxylic 
acid in 40 ml acetonitrile was treated witn 0.80 g 
(6.3 mmol) 2, 7-diazaspiro( 4 . 4 J nonane U. Org. Chem. 
46 , 2757 (1981)] and the mixture stirred two days at 
0 room temperature, refluxed 1.5 hours, cooled, and 
filtered to afford 1.17 g of the title compound, 
mp 234-240°C (dec) . 

Analysis calculated for C19H21N3F2O3; 

C, 60.47; H, 5.61; N, 11.13. 
5 Found: C, 60.17; H f 5.46; N, 11.11. 
223 1 
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EXAMPLE 24 

1- Ethyl-6-fluoro-l # 4-dihydro-7-(7>methyl-2 > 7-dlaza- 
splro(4V41non»2-yl )-4-oxo-l,8-naphthyrldine-3- 
carboxylic acid 

5 A stirred suspension of 4.40 g (20.7 mmol) of 

2- methyl-2 , 7-diazaspi ro [4.4] nonane dihydrochlor ide in 
200 ml acetonitrile was treated with 9.42 g (62 mmol) 
l,8-diazabicyclo(5.4.0]undec-7-ene and 5.42 g 

(20 mmol) l-ethyl-6-f luoro^7-chloro-4H5xo-l # 4-dihydro- 
10 l,8-naphthyridine-3-carboxylic acid was added. After 
stirring 23 nours at room temperature the precipitated 
product was filtered, washed with acetonitrile and 
ether, and recrystallized from ethanol to afford 
3.99 g of the title compound, rcp 252-254°C (dec). 
15 Using the above procedure with 2, 8-diazaspiro- 

15.51 undecene dihydrochloride (Helv. Chira. Acta, 
36, 1815 (1953)] gave l-ethyl-6-f luoro-1 , 4-dihydro- 
7-( 2, 8-diazaspiro 15 . 51 undec-2-yl ) -4-oxo-l, 8- 
naphthyridine-3-carboxylic acid, rop 188-192°C (dec). 
20 (24a). 

EXAMPLE 25 

l-Ethyl-6-f luoro-1, 4-d ihydro-7-( 7-methyl-2 , 7- 
diazaspiro (4 ,4) -non-2-yl )-4-oxo-3-guinolinecarboxyl ic 
acid 

25 A suspension of 0.65 g (3.05 mmol) 2-methyl-2 , 7- 

d iaspiro [4 . 4 ) nonane dihydrochloride in 40 ml 
acetonitrile was treated with 1.33 g (9.0 mmol) 1,8- 
diazabicyclo|5.4.0]undec-7-ene and 0.76 g (3.0 mmol) 
l-ethyl-6, 7-dif iuoro-1, 4-dihydro-4-oxo-3- 

30 quinolinecarboxyl ic acid was added. The mixture was 
refluxed overnight and the hot solution was filtered. 
After crystallizing at room temperature the product 
was filtered and washed with acetonitrile to afford 
0.72 g of the title compound, mp 239-241°C (dec). 

2 2 3 
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Analysis calculated for C20H24N3FO3; w 

C, 64*33; H, 6.48; N, 11,25; 
Pound 1 C, 64.25; H, 6.50; N, 11.27.. 

EXAMPLE 26 

5 l-Ethyl-6, 8-difluoro-l, 4-dihydro-7-(7-methyl-2,7- 
dlazaspiro f4.41non-2-yl )-4-oxo-3^uinollhecarboxylic 
acid 

A suspension of 0,64 g (3,0 mmol) 2-methyl-2,7- 
d iazaspiro 1 4 . 4] nonane dihydrochlor ide in , 40 ml 

10 acetonitrile was treated with 1.33 g (9.0 mmol) 1,8- 
diazabicyclol5.4.0Jundec-7-ene and 0.81 g (3.0 mmol) 
l-«thyl-6,7,8-trifluoro-l,4-dihydro-4-oxo-3- 
quinolinecarboxylic acid was added. The mixture was 
stirred 45 minutes at room temperature, refluxed 

15 1.5 hours, and stirred at room temperature overnight. 
The precipitate was filtered and washed with 
acetonitrile and ether to afford 0.87 g of the title 
compound, rap 229-23i°C (dec) . 
Analysis calculated for C20H23N3F2O3: 

20 C, 61.37; H, 5.92; N, 10.74; 

Found: C, 61.20; H, 5.88; N, 10.75. 

Using the above procedure with 2, 8-diazaspiro- 
I5.5]undecane dihydrochlor ide gave l-ethyl-6,8- 
difluoro-l,4-dihydro-7-(2, 8-diazaspiro [ 5 . 5) undec-2- 

25 yl )-4-oxo-3-quinolinecarboxylic acid, mp 267-268°C 
dec. (26a). 

EXAMPLE 27 

9-Fluoro-2, 3-dihydro-3-me thy 1-10- (7-me thy 1-2, 7-d iaza- 
spirot4.4]non-2-yl ) -7-oxo-7H-pyr ido [ 1 , 2;3-de} 1,4- 

30 benzoxazine-6-carboxyl ic acid 

A suspension of 0.42 g (1.97 mmol) 2-methyl-2,7- 
diazaspiro|4.4)nonane dihydrochlor ide in 25 ml 
acetonitrile was treated with 0.85 g {S.fiO r^mol) 
l,8-diazabicyclo[5.4.0]undec-7-ene and 0.52 g 

35 11.85 mmol) 9, 10-di f luoro-2 , 3-d ihyd ro- 3-me thy I- 
7-oxo- 7H-pyr ido [ 1 , 2 , 3-de] 1 , 4-benzoxaz i ne-6- 
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carboxylic acid was added. The mixture was stirred 
two hours at room temperature and then refluxed 
overni3h% r :,The product which crystallized on cooling 
was filtered, washed with acetonitrile and 
5 recrystallized from acetonitrile to afford 0.45 g of 
the title compound, mp 227-230°C (decR Analysis 
calculated for C2J.H22N3FO4 : 

C, 63.15? H, 5.55; N, 10.52; 
Found: C, 63.13; H, 5.73; N, 10.51..^^ 
10 EXAMPLE 28 

l-Ethyl-6-f luoro-l,4-dihydro-7-(7-ethyl-2,7- 
diazaspiro[4 .4] non-2-yl )-4-oxo-l , 8-naphthyr idine- 

3- carboxylic acid 

The title compound was prepared according to 
15 example 24 by reacting l-ethyl-6-f luoro-7-chloro- 

4- oxo-l, 4-dihydro-l, 8-naphthyr id ine-3-carboxyl ic acid 
with 2-ethyl-2,7diazaspiro[4.4Jnonane dihydrochlor ide ; 
rop 215-217°C (dec) . 

Analysis calculated for C20 H 25 N 4 FO 3 : 
20 , C, 61.84; H, 6.49; N, 14.42. 

Found: C, 61.68; H, 6.17 ; N, 14.20. 

EXAMPLE 29 

1 - Ethyl -6, 8-di f luoro-1 , 4-dihydro-7-( 7-e thy 1-2 , 7- 
di3zaspiro[4.4] non-2-yl ) -4-oxo-3-quir.cl ine- 

2 5 carboxylic acid 

The title compound was prepared according to 
example 26 by reacting 1-e thyl-6, 7, 8-tr i f luorc-4- 
oxo-1 , 4-dihydroquinoline-3-carboxyl ic acid witn 

2 - ethyl- 2, 7-diazaspi ro [ 4 . 4 ) ncndne di Hydrochloride , 
30 mp 199-202°C (dec) . 

Analysis calculated for C21H25U3F2O3: 

C, 62.21; H, 6.22; H, 10.36. 
Found: C7 62.24 ; H, 6.i5; N, 10.36'. 
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EXAMPLE 30 

7-t2-(Amlnotnethvl )-4-thla2olyl ] -l-ethyl-6-f luoro-1 » 4- 
dihydro-4-oxo-3-quinollnecarboxyl ic aci d 

A "Suspension of 0.59 g (1.54 mrffdT) ethyl 
5 7-brorooacetyl-l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-3- 
quinolinecarboxylate in 4 ml N,N-dimethylf ormamid* 
was treated with 0.22 g (1.67 mmol) acetamidothio- 
acetamide (prepared according to J. Am. Chem. Soc. 
51 y 1817 (1929)]. After stirring three hours the 

10 mixture was treated with 0.22 mi (1.58 mmol) 

triethylamine, stirred one hour more and poured inco 
40 ml ice water. The precipitate was filtered, 
washed with water and dried to afford 0.45 g crude 
30lid. Chromatography on a column of 20 g silica gel 

15 with chloroform-methanol (9:1) and crystallization 

from ethanol gave 0,37 g ethyl 7- l2(acetamidomethyl )- 
4-thiazolyl] -l-ethyl-6-f luoro-1, 4-dihydro-4-oxo- 
3-quinolinecarboxylate, mp 230-233°C (dec). 

A solution of 0.32 g (0.76 mmol) ethyl 7-12- 

2Z (acetamidomethyl )-4-tniazolyl ) -l-ethyl-6-f luoro-1 , 4- 
d 'ihydro-4-oxo-3-quinolinecarboxylate in 3 ml 6N hydro- 
chloric'acid was stirred at reflux' three hours. The 
fixture was evaporated to dryness and "the resultir.o 
solid was suspended in 5 ml water and dissolved by 

25 addition of IN scd;um hydroxide to pH 11. After 

filtration the product was precipitated by addit;v» 
of IN hydrochloric acid to pH 6.2, filtered, wa?i;e- 
with water and dried to afford 0.22 a 7-[2-aminc- 
-ethyl )-4-thiazolyl ] -l-ethyl-6-f luoro-1 , 4-d ihy Jr.j- • 4 -~ 

20 oxo-3-quinolinecarboxyl ic acid, mp 249-254° C (dec;. 
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EXAMPLE 31 

7-[2-(Metnylaminomethyl ) -4-th iazolvU thy 1-6- 
f 1 u or or,! t^hd i h yd r o- 4 -o x o- 3 -q u 1 n o 1 i ne c aroo/ylic acid 

According to example 30, reacting 7-bromoacetyl- 
5 l-ethyl-6-f luoro-l r 4-dihydro-4-oxo-3-qjinol tri- 
carboxylic acid ethyl ester with 2-(N-acetyl-N- 
xnethylamino) thioace tamide in ethanol gave l-ethyl-6- 
f luoro-7-l2-(N-acetyl-N-methylaminomethyl )-4- 
- thiazolyl] ~ 1, 4-dihydro-4-oxo-3-quinolinecarboxylic 
10 acid ethyl ester, mp 173-175°C which was then hydro- 
lyzed in refluxing 6N hydrochloric acid to give the 
title compound, mp 230-234°C (dec). 
Analysis calculated for C17H16N3FO3S : 
C, 56.50; H, 4,46; N, 11.63. 
15 Found: C, 56.26; H, 4.56; N, 11.40. 

EXAMPLE 32 

7-[2-Ethylaminomethyl)-4-thiazolyl]-l-ethyl-6-f luoro- 
1, 4-dihydro-4-oxo-3-quinolinecarboxyl ic acid 
hyd rochloride 

20 , According to example 30, reacting 7-broraoacetyl- 

i " e ^hylr6-f luoro-l , 4-dihydro-4-oxo-3-squinoline- 
carboxylic acid ethyl ester with 2-(N-ace tyl-N- 
ethylamino) thioacetamide in ethanol gave l-ethyl-7- 
[2-1 ( N-ace ty 1-N-e thy lar.i no) methyl] -4-thiazolyl ] -6- 

2 5 f luoro-l , 4-dihydro-4-oxo-3-q uinolinecar boxy lie 
acid ethyl ester, mp 160-161°C which was then 
hydrolyzed in refluxing 6N hydrocnloric acid to afford 
the title compound, mp 289-30C°C (dec). 
Analysis calculated for CigHigNjClFOsS • 0. 3H2O: 

30 C, 51.81; H, 4.73; N, J'J.07; CI , 8.50. 

Found: C , 51.81; H, 4.79; N # 10.09; CL, 8.49. 
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' "~ ' EXAMPLE 33 ~- s ^* M -* : - v - ! • 

l-Sthvl-6-f luoro-1 , 4-dihydro-7- [ 2- [ [( 2-hydroxye thyl ) - 
ami no] me thy.lAr.4-th iazo ly 1 1 -4-oxo- 3-quir>pllneca rboxyl 1c 
acid hydrochloride 
5 According to example 30, by reacting 7- 

brorooacetyl-l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-3- 
quinolinecarboxylic acid ethyl ester with 2-[N-(2- 
acetoxyethyl)-N-acetylaroino] thioacetamide in ethanol 
gave l-ethyl-6-f luoro-1 r 4-dihydro-7^12^ltN-( 2- 
10 acetoxye thyl )-N-acetylamino] me thyl) -4-thiazolyl ) - 
4-oxo-3-quinolinecarboxylic acid ethyl ester, mp 
148-152°C, resolidified and melted 164-165°C, which 
was hydrolyzed with refluxing 6 N hydrochloric acid to 
afford the titled compound, mp 290°C (dec), 
15 Analysis calculated for C18H17N3FCIO4S : 
C, 50.76; H, 4,02; N, 9.87. 
Found: C, 50.36; H, 4.50; N, 9.66. 

EXAMPLE 34 

7-12-(l-aminoethyl)-4-thiazolyl}-l-ethyl-6-f luoro- 
20 l,4-dihydro-4-oxo-3-quinolinecarboxyl ic acid 
According to example 30, reacting 7- 
bromoacet/l-l-ethyl-6-f luoro-1, 4-dihydro-4-oxo-3- 
quinolinecarboxyl ic acid ethyl ester with 2-(acetyl- 
amino) thiopropionanide in ethanol gave 7-l2-[l-(N- 
25 acetyl a^: no) ethyl ) -4-thiazolyl 5 -1 -ethyl- 6-f luoro-1 , 4- 
dinydro-4-oxz-3-quinDlinecarboxyl ic acid ethyl ester, 
mp 236-238^, which was hydrolyzed with refluxing 6N 
hydrochloric acid to afford the title compound, 
n? 246-250*.: {dec) . 
30 Analysis calculated for Ci7Hl6*3 r0 3S • 0 . 2H 2 0 : 
C, 55.94; H, 4.53; H f 11.51. 
Found: C,^55. : 92 ; H, 4.51; N, 11.68. 
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EXAMPLE 35 

7-t2*("aniinoTnethyl ) -4-th iazolyl 1 -l-ethyl-6, 8-dif luoro- 
1 t 4-dihydro-4-oxo-3-qulnollnecarboxyllc acid 

To 800 ntg (1.99 mrool) of the 7-bronioacetyl-l- 
5 ethyl-6 , 8-dif luoro-1 , 4-dihydro-4-oxo-3-quinolinecar- 
boxylic acid in a mixture of N,N-dirnethylforraamide and 
ethanol was added 446 rog (1.0 eq) of 2-(N-benzyloxy- 
carbonyl) aminothioacetamide. The mixture was stirred 
for 72 hours at room temperature. The mixture was 

10 added " ft td w« and the solids were filtered' to • - 

give 0.92 g of the l-ethyl-6, 8-dif luoro-1, 4-dihydro- 
4-oxo-7- (2-1 [ (phenylmethoxy)carbonyl]arainomethyl i-4- 
thiazoyl]-3-quinolinecarboxylic acid, mp 185-190'C. 
Without further purification, the solids were treated 

15 with hydrobromic acid in acetic acid overnight and 
poured into ether:ethyl acetate. Filtration gave a 
solid that was dissolved in aqueous ammonia at pH 
10.8. Concentration of this mixture to one third 
volume and filtration gave 0.46 g of 

20 7- I 2- ( aminome thyl )- 4-th iazolyl) -l-ethyl-6, 8- 

-dif luoro-1, 4-dihydro-4-oxo-3-quinolinecarboxylic acid, 

top 199-20a°C. .... r ^,.,. 

In similar fashion the following compounds were 
prepared : 

25 i-Ethyl-6,6-dirluoro-l,4-dihydro-7-t2- [ (roe thylamino ) 
methyl ) - 4 -tn iazolyl ] -4-oxo-3-quinolinecarboxyl ic ac id , 
mp 172-174°C (35a) ; 

7-(2-[ ; ethyl ami no) me thyl) -4-th iazolyl ] -l-ethyl-6 , 8- 
d i f luoro-1 , 4-dihydro-4-oxo-3-quinol inecarooxyl ic acid , 

3 0 mp 15 5-157°C (35b); 

7- 1 2- (aminome thyl ) -4-th iazolyl 1 -6, 8-dif luoro-1- { 2- 
f iuoroethyl ;-l, 4-dihydro-4-oxo-3-q uinolinecarboxyl :c 
acid, mp 216-218°*: (35c); ,j 
h t B-di f 1 joro-i-( 2-f iuoroethyl ) -I , 4 -di hydro- 7- 

2 5 ; 2 \ {me t.V/iami no] methyl j -4- tniazolyl ] - 4-oxo-3- 
c j l no 1 : Co r ooxy i i z ac:,i, mp 2i4-2i5°J ( 3 > ) ; 
£ 2 1 1 
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7-12-1 (ethyl- ami no) methyl] -4-thia2oly 1 )^6 ^ ^-di;luoro-l- 
( 2-f luoroethyl )-l , 4-dihydro-4-oxo-3-quinoline- 
carboxylic acid, np 197-20i # C <35e), and 
10-i2-(aminomethyl ) -4-thiazolyl ) -9-f luoro-2, 3-dihydro- 
5 3-raethyl-7-oxo-7H-pyridoll, 2, 3-de] -1, 4-benzoxasine-6- 
carboxylic acid, mp 229-231 # C (35f). 

EXAMPLE 36 

7-[2-(Aminomethyl ) -4-thiazolyl ) -l-ethyl-6-f luoro-1 , 4- 
dihydro-8-me thylamino-4-oxo-3-quinolinecarboxyl ic acid 
10 To 500 mg (1,37 mmol) of the 7- (2-(aminomethyl )- 

4-thiazolyl J -l-ethyl-6, 8-dif luoro-1 , 4-dihydro-4-oxo- 

3- quinolinecarboxylic acid was added 15 ml of 40% 
aqueous ntethylamine . The mixture was heated at 50°C 
for 72 hours. The solution was taken to pH 6.5 and 

15 was filtered to give 350 mg of 7- [2- (aminome thyl ) - 

4- thiazolyl ]-l-ethyl-6-f luoro-1, 4-dihydro-8- 
me thyl ami no- 4-oxo-3-qui noli necar boxy 1 ic acid , 
mp 194-195°C. 

^EX AMPLE 3 7 

20 l-Ethyl-6-f luoro-1 , 4-dihydro-8-methoxy-7- [2- 
[ (me thyl ami no) me thyl ] -4-thiazoly" ] -4-oxo-3- 
quinolihie car boxy 1 ic acid : 

To 500 mg (1.32 mmol) of 1-e thyl-6 , 8-di f luoro- 
1, 4-dihydro-7- [2 - I <methylamino)metnyl J -4-thiazoyl ) - 

25 4-oxo-3-quinolinecarboxyl ic acid in 30 mi of dry 
methanol was added 300 mg (2 eq) of potassium 
t^-butoxide. After 24 hours at reflux, the mixture was 
cooled, diluted with water, brought to pH 6.0, and 
filtered to give 3i0 mg of l-« thyl-6-f lcoro-i , 4- 

30 dihydro-8-methoxy-7- [2- { (methylamino)me tnyl ) -4- 
thiazoly ) -4-oxo-3-quinol i necar boxy 1 ic acid, 
mp 164-166°C. — v~ 

In a similar manner 7- [ 2- ( aminome thy 1 ) -4- 
thiazolyl ] -1 -ethyl- 6- f luoro-I , 4 -di hydro- 3 -me tnoxy- 

35 4-oxo-3-quinol inecarooxyl ic acid, np i72-I75 0 J, was 
p repared ; (37a). 
22 4 2 
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EXAMPLE 38 

l-Ethvl-6-fluoro-l,4^ 

amlno)methYl1-4-thiazolyl1-4-oxo-3-quinolln«carboxylic 

acid , 

5 Tto 700. rag (1,79 mmol) of the i-ethyl-6-f luoro- 

l#4-dihydro-8-methoxy-7-(2-( (methylamino)methyl J -4- 
thiazolyl ) -4-oxo-3-quinolinecarboxyl ic acid was added 
8 ml of hydrobromic acid in acetic acid and the mix- 
ture was heated to 70°C. After four hours 8 ml more 

10 hydrobromic acid was added and the mixture stirred 
overnight. - The solids were collected, dissolved in 
aqueous ammonia and concentrated to one fourth volume* 
Filtration gave 580 mg of l-ethyl-6-f luoro-1,4- 
dihydro-8-hydroxy-7-t2-l(methylamino)methyl]-4- 

15 thiazolyl]-4-oxo-3-quinolinecarboxylic acid, 
mp 242-246°C. 

In similar manner 7- I2-(aminomethyl )-4- 
thia2olyl]-l-ethyl-6-fluoro-l # 4-dihydro-8-hydroxy-4- 
oxo-3-quinoline carboxylic acid, mp 275-277°C, was 

20 prepared (38a). 

EXAMPLE 39 

7-[4-(Aminomethyl)-2-thia2olyl) -l-ethyl-6-f luoro-1 , 4^ 
dihydro-4-oxo-3-quinolinecarboxyl ic acid 

A solution of 0.16 g (0.5 mmol) ethyl-l-ethyl-6- 

2 5 fluoro- 7-th iocarbamoy 1-1 , 4-dih/dro-4-oxo-3-quinoline- 
carboxylate and 0.32 g (2.5 nmol) 1, 3-dichloroacetone 
in 3 ml N,N-dime thyl f orrr.amide was heated 3.5 hours 
on a steam bath. Dilution of the cooled reaction 
fixture with ethyl acetate afforded 0.12 g product 

30 which was recrystail ized f roir. chlorof orro:e thyl acetate 
to give 0.08 g of ethyl 7- l4-(chloromethyl )-2- 
thiazolyl ] -1 -ethyl- 6-f luoro-i, 4-dihydro-4-oxo-3- 
q jinolinecarboxylate, irp 214-215° (dec). - 
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A mixture pf 1.10 g (2.78 tool) etnyl, 7- (4- . - 
(chlororaethyl )-2-thiazolyl ] -l-ethyl-6-f luoro-i , 4- 
dihydro-4-oxo-3-quinolinecarboxylate and 0.50 g 

H. 6 nunol) sodium arlde in 50 ml ' M^N-din«thylf oVmamid« 
5 was heated on a steam bath four hours. After evapora- 
tion to near dryness 50 ml water was added to afford 

I. 01 g product which was crystallized from ethanol to 
give 0.91 g ethyl 7-l4-(azidomethyl )-2-thiazolyl ] - 

1- ethyl-6-fluoro-l,4-dihydro-4-oxo-3-quino,line- 
10 carboxylate, rap" 192-194° (dec); 

" A solution of 0.87" g (2.17 mmol) ethyl 7-14-(azido- 
methyl)-2-thiazolyl]-l-ethyl-6-fluoro-l, 4-dihydro-4-oxo- 
3-quinolinecarboxylate in 125 ml acetic acid was stirred 
with 0.10 g 10% palladium on carbon catalyst and 
15 hydrogen gas bubbled through for 1.5 hours. After 
filtration, evaporation of solvent and trituration 
with ether gave 0.77 g of ethyl 7-[4-(aminomethyl )- 

2- thiazolyl]-l-ethyl-6-f luoro-l,4-dihydro-4-oxo- 

3- quinolinecarboxylate. 

20 A solution of 0.70 g (1.87 mmol) ethyl 7-[4-(amino- 

methyi ) -2-thiazolyl ) -1-e thyl-6-f luoro-1 , 4-dihydro-4-oxc- 

3- quinolineearboxylate in 15 nil 6N hydrochloric acid was 
heated on a steam bath 2.25 hours. After addition of 

15 ml water the .mixture was cooled to 0° and filtered. 

25 The collected solid was suspended in 8 ml water, 
dissolved at pH 11 with 2N sodium hydroxide and 
reprecipitated by addition of 2N hydrocnloric acid to 
pH 6. The product (0.37 g) was twice crystallized 
from N, N-dime thy 1 forma ntide to afford 0.19 g o£ 7-14- 

30 (aminoreethyl)-2-tniazolyl)-l-ethyl-6-f 1 joro-1, 4-dichlorc- 

4- oxo-3-quinolinecarboxyl ic acid, mp *'24-226°C (dec). 
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l-Ethyl-6-£luoro-1. 4-dihvdro-7-[4-Kn 1 ethvlamlno)« 
methyl ) -2-thlazolvl ) -4-oxo-3-cuinolinecarboxyl ic acid 

A solution of 0.61 g (1.54 nunol) 7-{4-chloro- 
jnethyl-2-thiazolyl)-l-ethyi-6-fluoro-l,4-dihydro-4- 
oxo-3-quinolihecarboxylicacid ethyl ester in 20 ml 
6 N hydrochloric acid was refluxed 2 hours and 
evaporated to dryness. The resulting solid was 
suspended fn^hot water, filtered and dried to afford 
0.48 g crude product, 7-(4-chloro-methyl-2- 
thiazolyl)-l-ethyl-6-fluoro-l,4-dihydro-4-oxo- 
3-quinolinecarboxylic acid. 

A solution of 0.40 g 7-( 4-chloromethyl-2- 
thiazolyl)-l-ethyl-6-fluoro-l,4-dihydro-4-oxo-3- 
quinolinecarboxylic acid in 100 ml 40% aqueous raethyl- 
amine was stirred at room temperature overnight and 
evaporated to dryness. The resulting solid was 
crystallized from water to afford 0.33 g of the title 
compound, mp 216-218»C (dec). Analysis calculated for 
c 17Hl6N3FO3S»0.2H 2 O: 

C, 55.94; H, 4.53; N, 11.51. 
Found: C , 55 . 92 ; H , 4. 41; N, ll.lsTT 

EXAMPLE 41 

7-( 2-A mino-4-pvr imidinyl ) -1 -ethyl -6-f luoro-1 , 4- 
dihydro-4-oxo-3 -<;uinolinecarboxvl ic acid 

To 9C0 mg (2.5 mmol) of the 7-( 2 '-dimethyl- 
antinoethenyl )carbonyl-l -ethyl- 6-f Iuoro-1, 4-dihydr ^~ 
4-oxo-3-quinoli.necarooxyl ic acid ethyl ester in IS *i 
of t-butanol at 30»C was added 580 rr.g (2.5 eq ) of 
guanidine nydrochlor ide tnat had been previously 
treated wit.-. 1.35 g (5 eq) of potassium t-butoxide at 
30°C in t-outanol for 30 minutes. The final mixture 
was stirred for 24 hours -at 60°C. It was poured into 
3« aqueous acetic acid and extracted into chloroform. 
Tne chloroform was extract-.-: tnr^ ti,^.-s wir.-. -ac-ir. 
22 1b 
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Thm chloroform was dried magnesium sulfate and 
concentrated* The residue was purified by column 
chromatography and gave 295 rag of 7-(2-amino- 
4-pyrimidinyl)-l-ethyl-6-fluoro-l|4-dihydro-4^ - . , 
5 oxo-3-quinolinecarboxyl ic acid, rap 245-247°C. 

EXAMPLE 42 

7H2-(amlnomethyl)-4-pyrimidinyll-l-ethyl-6, 8- 
dif luoro-1, 4-dihydro-4-oxo-3-quinolinecarboxylic 
acid 

10 To 1.5 g (4.1 mmol) of the ethyl 7-(2'- 

dimethyl ami noethenyl )carbonyl-l-ethyl-6, 8-dif luoro- 
1, 4-dihydro-4-oxo-3-quinolinecarboxylate in 35 ml of 
t^-butanol was added at 60°C a mixture of 2.49 g 
2.5 equivalents) of 2-N-(benzyloxycarbonyl)amino- 

15 ace.tamidine hydrochloride , and 1.15 g (2.5 eq) of 
potassium t-butoxide in 50 ml of t-butanol. After 
four hours, 452 mg more of potassium t-butoxide was 
added. The mixture was stirred overnight at 60°C. It 
was poured into dilute hydrochloric acid and extracted 

20 with dichlorome thane. The dichlorome thane was 

concentrated and the residue was purified by column 
chromatography to give 530 mg of ..L-eth.yi-6, 8- . . 
difluoro-1, 4-dihydro-4-oxo-7-(2-[ I (phenylme tnoxy ) - 
carbonyl ] aminorae thyl ] -4-pyr imidinyi J -3-quinol ine- 

25 carboxylic acid as a yellow solid, mp 1?5-196°C. Tnis 
material was then treated with hydrobronic acid in 
acetic acid, for three hours. The mixture was poured 
into ethylacetate:diethyl ether. The solids were 
filtered and then dissolved in aqueous amxoma 

30 pH 10.8°C. This mixture was concentrated to cne 

fourth volume and the solids filtered to give 17 3 mc 
of 7- ;2-(aminomethyl ) - 4-pyr imidinyi } -i-etr.yl-6 , 3- 
d if luoro-1 , 4-dihydro-4-oxo-3-quir.olinecarboxyl ic aci J , 
mo 285-289°J. 
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In a similar fashion the 7-(2-aminqr4- ..... 
pyriraidinyl)-l-ethyl-6,8-difluoro-l,4-dih/dro-4-oxo- 
3-quinolinecarhoxylic acid, np 28S-286 # C (42a) was 
prepared using gu^hidine hydrochloride and ethyl 
5 7-( 2' -dimethyl ami noethenyl )carbonyl-l-ethyl-6, 8- 
difluoro-1, 4-dihydro-4-oxo-3-quinolinecarboxylate. 

Also the 7-[2-(aminomethyl)-4-pyrimidinyll-l- 
ethyl-6-f luoro-l,4-dihydro-4-oxo-3-quinoline- 
carboxylic acid, rop 206-208 # C (42b), was prepared from 
10 2-N-(benzyloxycarbonyl Jaminoacetamidine hydrochloride 
and ethyl 7-(2 , -dimethylaminoethenyl)carbonyl-i-ethyl- 

6- f luoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxyla te • 

Similarly prepared was 7- (2- I (methylamino)- 
3aethyl)-4-pyrimidinyl)-l-ethyl-6-fluoro-l,4-dihydro- 

15 4-oxo-3-quinolinecarboxylic acid, mp 238-239°C (42c) 
from 2-N-{benzyloxycarbonyl )methylaminoacetamidine 
hydrochloride and ethyl 7-(2 , -dimethylaminoethenyl )- 
carbonyl-l-ethyl-6-f luoro-1, 4-dihydro-4-oxo-3- 
quinolinecarboxylate. 

20 EXAMPLE 43 

7- [3-(aminomethyl)-l-pyrroiidinyl]-l-cyclopropyI- 

6; 8-dif luoro-1 , 4-dihydro-4^x6-3^<ui hblihecarboxy 1 ic ' 
acid 

A mixture of 1.00 g (3.53 rrjnole) of 1-cyclo- 
2 5 propyl - 6, 7, 8-tr if luoro-1, 4-dihydro-4-oxo- 3-quinoli ne- 
carboxylic acid, 10 ml of acetoni trile, 0.54 g 
(3.5 mmole) 1, 8-diazobicyclo { 5 . 4 . 01 undec-7-ene, and 
0.37 g (3.7 mmole) of 3-pyrrolidiner-.e thanamine is 
refluxed one hour, then stirred at room temperature 
30 overnight. The reaction mixture is then filtered and 
the precipitate washed with ethyl ether until dry to 
yield 1.21 g (94.5%) of the title compound, 
mo 232-235 0 C. 
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EXAMPLE 44 

l-Cyclopropvl-7M3M (ethylamino)methn) -1-pyrroli- 
dlnyll-6,8-dlf luoro-1 , 4-dihydro-4-oxo-3-quinoline- 
• ^ ' carboxylic acid -.v.^ 1 .:^ 

5 A mixture of 1.00 g (3.53 mmole) of 1-cyclo- 

propyl-6,7 # 8-trif luoro-1 , 4-dihydro-4-oxo-3-quinoline- 
carboxylic acid, 10 ml of acetoni trile, 0.54 g 
(3*5 mmole) 1, 8-diazobicyclol5,T4.or~undec-7-ene, and 
0.48 g (3.7 mmole) of N-ethyl-3-pyrrolidinemethan- 

10 amine is refluxed one hour, then stirred at room tem- 
perature overnight. The reaction mixture is then 
filtered and the precipitate washed with ethyl ether 
until dry to yield 1.22 g (88.4%) of the title 
compound, mp 256-258°C. 

15 EXAMPLE 45 

7- 1 3-Ami no-1 -pyrrol id inyl ] -l-cyclopropyl-6, 8-dif luoro- 
1 , 4-dihydro-4-oxo-3-quinol inecarboxyl ic Acid 

7- 1 3-t-Butoxycarbonyl ami no-1 -pyrrol id invl ) -1-cyclo- 
20 propyl- 6 , 8-dif luoro-1 , 4-dihydro-4-oxo-3-quinoline- 
carboxylic Acid 

- a suspe nis ion of 49.5 g (0". 17 5 mole )" of 1 -cy clo- 
p ropy 1-1 , 4-dihydro-4-oxo-6 , 7 , 8-tr i f luoroquinol ine- 
3-carboxylic acid, 37.3 g (0.2 mole) of 1,1- 
25 dimethylethyl (3-pyrtolidinyl )carbamate, 40.4 g 

(0.4 mole) of triethylamine in 1.5 1 of acetonitrile 
was refluxed for three hours. The precipitate was 
removed by filtration, washed with acetonitrile, then 
ethyl .ether, and dried in vacuo to give 75.0 g of tr.e 
30 title compound, mp 239240°C. 

7- [3-Amino-l-pyr rol id inyl j -1-cyc lcprooy 1 -6 , 8-dj f iuor :■- 
1 , 4-dihydro-4-oxo-3-quinol inecarboxvl l z Acid 

A solution of 1.4 g (3.1 rrur.ole) or 7 [ 3-t-bu toxy- 
cacoor.yl ami no-1 -pyrrol id i ny 1 ] -i-cyc iopr opy 1-6 , 8- 
2 5 i i f luoro-1 , 4-d lhycr o- 4-cxo- 3 -uu i r.oi ; na ca r boxy i z 
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acid in 25 ml of trif luoroacetic acid vac stirred at 
room temperature until gas evolution ceased. The 
solvent was removed in vacuo and the residue dissolved 
in 1 N sodium hydroxidev,'"::^rhe solution was diluted ^ 
5 to 100 ml with water and acidified to pH 5.5 with 
6 N hydrochloric acid. The precipitate was removed 
by filtration r washed with water, ethanol, and ethyl " 
ether. The residue was dried in vacuo to give 
1.05 g (97%) of the title compound, mp 290-292°C. 

10 7- [3-amino-l-pyrrolidinyl] -l-cyclopropyl-6, 8-dif luoro- 
l,4-dihydro-4-oxo-3-quinolinecarboxylic Acid Hydro- 
chloride 

A suspension of 72.4 g (0.16 mole) of 7-13-t- 
butoxycarbonylamino-l-pyrrolidinyll -1-cyclopropyl- 

15 6,8-difluoro-l,4-dihydro-4-oxo-3-quinolinecarboxylic 
acid, 375 ml of 6 M hydrochloric acid, and 750 ml 
of glacial acetic acid was heated at 60°C for four 
hours and the resulting solution was stirred at room 
temperature for 18 hours. The reaction was filtered 

20 tnrough a fiber glass pad to clarify and the filtrate 

was -evaporated in vacuo. - The residue. was triturated 

with 600 ml of ethanol tether (1:1), the solid removed 
by filtration, washed with ethar.cl :e ther (i:l), ether 
and dried in vacuo to give 63.8 g (98*) of the title 

2 5 compound, mp 313-315°C. 

EXAMPLE 46 

l-Cyclopropyl-7- [ 3- [ (methyl ami no? methyl ] -1-pyrrol id inyl ] * 
6, 8-dif luoro-1 , 4-dirv/dro-4-oxo-3-quinolinecarboxl ic 
acid 

30 To 0.80 g (2.8 rrjncl) of the 1 - cyclop ropy 1-6 , 7,8- 

t ri f luoro-1 , 4-di hydro-4-oxo- 3-cuinol i tie car boxy 1 ic 
acid in 10 ml of acetcrutrile and 0.43 g (2.3 mr.oi > of 
1 , 8-ciazobicyc lo [ 5 . 4 . 0 j undec-7-e:ie, ~3S aJic : 0 . j 5 r 
(3,1 mmoi ) of N-me t:iy 1-3 -pyrrol i>i l neT.o i:;anaiir.c . Tr.v 
2 2 10 
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mixture was refluxed for one hour and stirred overnight v , v 
The solids were filtered and washed with acetonitr ile : 
ether (1:6) to give 0.81 g of the title compound, 
*te^2'65^267«C. ^ c,^^, 

EXAMPLE 47 

l-Cvclopropyl-7-[3-(ethylantino)-l-pvrrolidinvl1-6,8- 
dif luoro-l,4-dihydro-4-oxo-3-guinol inecarboxyl ic acid 
To 0.80 g (2.8 mmol) of the l-cyclopropyl-6 , 7,8- 
trifluoro-l,4-dihydro-4-oxo-3-quinolinecarboxylic acid 
in 10 ml of acetonitrile and 0.43 g (2.8 mmol) of 1,8- 
diazobicyclo [5.4.0] undec-7-ene was added 0.35 g 
(3.1 mmol) of the N-ethyl-3-aminopyrrolidine . The 
mixture was refluxed for one hour and stirred overnight. 
The solids were filtered and washed with ether: 
acetonitrile (6:1), to give 0.81 g of the title compound, 
mp 236-238°C. 

EXAMPLE 48 

l-Cyclopropyl-6 f 8-dif luoro-1 , 4-dihydro-7- [3- [ [ ( 1- 
methylethyl)amino]methyl) -1-pyrrolidinyl 1-4-OXO-3- 

quinol inecarboxyl ic acid 

A suspension of 1.1 g (3.9 mmole) of 1-cyclo- 
propyl-6;7 ,8-trif liioro-1 , 4-d ihydro-4-6xo-3-quinol ine- 
carboxylic acid, 1.4 g (10 mmole) of N- ( 2 -propyl ) -3- 
pyrrolidinemethanamine ancJ^SO ml of acetonitrile was 
refluxed for 2 hours. The precipitate was removed by 
filtration, washed with acetonitrile, ether, and dried 
in vacuo to give 1.4 g cf the title compound, mp 215- 
221°C. 

EXAMPLE 49 

l-Cvclopropyl-7- [3-1 (ethvlamino)methvl 1 -1-oyr rol idinyl ) - 
6-chloro-l, 4-dihvdro-4-Dxo- 3 -quinol ineca rboxyl ic acid 

A solution of 0.30 g (1.0 mmole) of 6 , 7-d ic^ioro- 
1-cyclopropyl-l , 4-d i hydro- 4 -oxo-3-quinol inecarboxyl ic 
acid, 0.26 g (2.0 mol % , of :i-ethyl-3-pyrr3lidine- 
Tietnanamine and 10 ml dz 5-p:coline was r.eated under 
reflux for 16 nours. The reaction mixture wai cooieri 
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to room temperature and the solid filtered off and 
washed with acetonitrile to give 0.33 g of the title 
compound, nip >310*C* 

EXAMPLE 50 

The following compounds may be prepared from 
7-chlorp-l-cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxq- 
quiiibiine-3-carbbxylic acid (synthesized as described 
in European Pattent Publication No. 78362) and the 
desired amine or protected amine using the method of 
Example 49: ' Vv "*^' 
7- [3-(atninomethyl )-l-pyrrolidinyll -l-cyclopropyl-6- - 
f luoro-1 r 4-dihydro-4-oxo-3-quinolinecarboxyl ic acid; 
and 

7- 13-araino-l-pyrrolidinyl] -l-cyclopropyl-6-f luoro- 
l,4-dihydro-4-oxo-3-quinolinecarboxylic acid. 

EXAMPLE 51 

<S)-l-£thyl-7-[3- [ (ethylami no) methyl ] -1-pyrrolidinyl ] - 
6 , 8-dif luoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxyl ic 
Acid 

A solution of 2.17 g (8 mmol) l-ethyl-6,7, 8- 
trif luoro-1 9 4-dihydro-4-oxo-3-quinolinecarboxyl ic 
acid and 1.22 g (8 mmol) , l,8-diazabicyclol5. 4.0] 
undec-7-ene in 20 ml acetonitrile was treated with 
1.07 g (8.4 nmol) (S )-N-ethyl-3-pyrrol id ineme thanamine 
and refluxed one hour. After standing overnight at 
room temperature a white solid was filtered and washed 
with acetonitrile and ether to afford 2.25 g (74%) 
of the free base of the title ccmpouMid after recrys- 
tallization from acetonitrile, mp 193-195°C . The 
product was dissolved in dilute hydrochloric acid, 
lyophilized and stirred as a suspension in etnanol 
to afford the title compound, 2.11 q (70i), mp 280°C 
(decomposition) , la) D - 99.i°C (C, 1.C0, 0;1N NaCK ) . 
Anal.-calcd. for Ci9ri24 N 3^1 F 2C5 



C, 54.57; H f 5.82; N, 10.10; CI, 8.5; 



Found : 
225 1 



C, 55.02; H, 5.91 



10.11; 
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(R)-l-5thyl-7-[(ethylanilno)methvll-l-pyrrolidinyl]- 
6 # 8-dif luoro-1 > 4-dlhydro-4-oxo-3-cuinol lnecarboxyl ic 
Acid ; , 

In the same manner as described above (R)-l-ethyi 
5 7-13-1 (ethyl ami no) me thy 1) -1-pyrrolidinylJ -6, 8-dif luoro 
l#4-dihydrb-4-oxo-3-quinblinecarbo)tyirc acid hydro- 
chloride, mp 285°C (decomposition), (a)o + 92.8°C 
(C r 1.03, O.lM NaOH), was prepared by converting 
1 3S-(^R* ,S*J ] -methyl 5-oxo-l-( 1-phenylethyl )-3-pyrro- , 
10 lidinecarboxylate (mp 69-71°C, la) D + 118. 8°C 

(C, 1.21, methanol) into (R)-N-ethyl-3-pyrrolidine- 
methanamine dichloride, mp 181-183°C, lain* 5.1°C 
(C, 0,78, 0.1 u NaOH) (Example QQ) and subsequently 
reacting with l-ethyl-6 , 7 , 8-trif luoro-1 , 4-dihydro- 
15 4-oxo-3-quinolinecarboxylic acid. 

EXAMPLE 52 

7- [3- [Dime thy lam i no) methyl] -1 -pyrrol id inyl ) 1-ethyl- 
6, 8-dif luoro-1 , 4-dihydro-4-oxo-3-quinolinecarboxyl ic 
Acid 

20 A mixture of 0.6 g (2.2 mmole) of l-ethyl-6 , 7 , 8- 

trif luoro-1 , 4-dihydro-4-ox*o-3-quinolinecartx>xylic 
acid, 5 ml acetoni tr i le , 0.33 g (2.2 mmole) 1,8- 
diazobicyclo(5.4 .0] undec-7-ene and 0.31 g (2 . 4 -mmole ) 
of N,N-dixethyl-3-pyrrol idinemethamine was refluxed 

25 for 24 hours. The reaction was cooled to room tempera 
ture, and the formed precipitate was filtered. The 
precipitate was washed with pentane then ethyl etner 
until dry yieliinc; 0.59 g (70%) of the title compound, 
mp 204-206°v~. 

30 EXAMPLE 53 

7- [3- [ (Diethylamide? methyl ] -1 -pyrrol id inyl ) -1 -ethyl- 
' 6 f 8-dif luoro- 1 , 4-di!y/~ro-4-oxc-3-qjincl inecarboxyl ic 
Ac id * 

A fixture of 0.5 c (1.8 amoie) i-sthy 1-6 , " , 3- 

3 5 tr:f Ij or o-i , 4-dih yd ro-4-cxo- j-qo i no i inecarboxyl :c 
aciv1 f 5 Ti acetoni tr i le , U .21 g (1.6 'nolo) r>£ 
diazoi: icy\: Ic [ 5 . 4 . 0 j unoec- ~-*-no , and 0,3 n t'1.9 ~c 1<= ; 

2 ■ 8^91 1721 
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of N,N-diethylO-pyrrolidinemethanamine was stirred at 
room temperature overnight. The formed precipitate 
was filtered, washed with acetoni tti-le then ethyl 
ether until dry to yield 0.45 g (60%) of the title 
5 compound, mp.210-21i°C. 

EXAMPLE 54 ' 
7^3-A,-nino-l-pvrrolidinyl1-l-cvclopropy l-6-f luoro-1,4- 
dihYdro-4-oxo-l,8-naphthYridine-3-ca rboxylic Acid 

A suspcf'hsion' of ' 5.65 g (20 minole) of 7-chloro-l- 

10 cyclopropyl-6-f luoro-l,4-dihydro-4-oxo-l,8-naphthyri- 
dine-3-carboxylic acid, 4.65 g (25. mmole) of 3-t- 
butoxycarbonylaminopyrrolidine, 7.9 g (50 mmole) of 
1, 8-diazabicyclo[5 .4.0] undec-7-ene and 150 ml of 
acetonitrile was stirred at 60°C for one hour. The 

15 solvent was removed in vacuo and the residue was 

dissolved in 100 ml of trif luoroacetic acid. After 
stirring at room temperature for one hour, the solvent 
was removed in vacuo and the residue was suspended in 
water and the pH adjusted to 11.5 with 50% sodium 

20 hydroxide. After filtering through a fiber glass pad 
to clarify, the filtrate was acidified to 6.6 with 
6 M hydrochloric acid. The resulting precipitate was 
removed by filtration, washed with water, 2-propanol, 
ether and dried in vacuo to give 6.5 g (9b%) of the 

25 title compound, rap 284-286°C. 

EXAMPLE 55 

?-[ (3-Aminomethyl )-l-pyrrolidinyl ) -l-cvclopropyl-6- 

f luoro-1 , 4-dihydro-4-oxo-l , 8-naphtnyr idine-3 -carboxvl ic 

Ac id 

30 A suspension of 5,1 g (18 mmole) of 7-chloro-l- 

cycloprocyl-6-f luorc-1 , 4-dihydro-4-oxc-l , S-napthyr id ine- 
3-carboxylic acid, 2.0 g (20 mmol-) of 3-aminometrwi- 
pyrrolidme, 5.5 3 {36 -jr.ole) of 1 , d-diazabicyclo 
15*4.0)undev:-7-er.e and 125 ml of acetonitrile was 

3 5 stirred a: room :-:.;.pf rr.jr- for tr.re* hours. The 
prec;pit3f? was rrr.:vo; ry :::tr-::n, wa = :;*•;> 
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acetbnitrile; and dried in vacuo to give 4.35 g [10%) 
of the title compound, rop 210~212*C. 

EXAMPLE 56 . 

7- t 3- t (Ethyl aroino)methvll-l-PVMrroiidlnyl)-l-cyclopropyl- 

6- f luoro-1 , 4-dihyd ro-4-oxo-l , 8-naphthyr idine-3- 
carboxylic Acid *~ ""VJi^-." 

A suspension of 5,7 g (20 mmole) of 7-chloro-l- 
cyclopropyl-6-f luoro-1, 4-dihydro-4-oxo-l # 8- 
naphthyridine-3-carboxylic acid f 10.3^(80 nunole) pf 
3-ethylaminomethylpyrrolidine and 125 ml of acetoni- 
trile was stirred at room temperature for 0.5 hours 
after an initial exotherm (60°C). The solid was 
removed by filtration, washed with acetonitrile , and 
dried in vacuo to give 6.0 g (80%) of the title 
compound, mp 268-270°C. 

EXAMPLE 57 

7- [3- [ (2-Propylamino) methyl) -1-pyrrol idinyl) -1- 
cyclopropyl-6-f luoro-1, 4-dihvdro-4-oxo-l , S-napthyri- 
dine-S-carboxylic Acid 

A suspension of 1.13 g (3.0 mmole) of 7-chioro- 
l-cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8- 
naphthyridine-3-carboxylic acid, 0.63 g (4.4 mmole) 
of 3- t (2-propyl ) aminome thyl 1 pyrrolidine, 1.22 g 
{SJ3 mmole) of 1 , 8-diazabicyclo [ 5 . 4 . 0] undec-7-ene 
and 30 ml of acetonitrile was stirred at room 
temperature for two hours. The precipitate was 
removed by filtration, washed with acetonitrile, ar.i 
dried in vacuo to give 1.3 g (84%) of the title 
compound, mp 240-243°C. 

EXAMPLE 53 

7-13- ( ( Propyl ami no) me thyl ) -1 -pyrrol idinvl } -1- 
cyclopropyl-6-r luoro-1 , 4-dihydro"-4-oxo-l , 8- 
naphthyr id ine- 3-car boxy 1 i c Ac id 

A suspension of 1.13 g (4.0 mmole) cf 7-chioro- 
I-cyclopropyl-6-£ 1 joro-i , 4 -d: hydro- 4-oxc-I , S- 
naohthyr icine-3-carb.?xy; ic acid, 0.65 g (4.4 ~?sr. z 1 e ■ 
22 5 1 
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of 3-1 (propylamine) methyl] pyrrolidine, U22 g (8.0 ^ 
mroole) of i,8-diazabicyclot5.4,0jundec-7-ene and 30 ml 
of acetonitrile was stirred at room ^temperature for 
2.S hours. The precipitate was removed by filtration, 
5 washed with acetonitrile and dried in vacuo to give 
1.15 g (74%). of the title compound, mp 230-233 # C. 

EXAMPLE 59 

7-(2-(Aminomethyl)-l"a2etidinvll-l-ethvl-6"f luoro- 
1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxyl ic 
10 Acid 

A suspension of 1.08 g (4.0 ncnol) of 7-chloro- 
l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-l /8-naphthyr idine- 
" 3-carboxylic acid, 0.93 g (3.0 mmol) of 2- I ( t-butoxy- 
carbonylamino)methyl] azetidine, 1.01 g (10 raraol) of 

15 triethylamine and 50 ml of acetonitrile was stirred 
at reflux for two hours. • The solvent was removed in 
vacuo and the residue was dissolved in 25 ml of tri- 
fluoroacetic acid. After stirring at room temperature 
for two hours, the solvent was removed in vacuo. 

20 The residue was suspended in water and the pH adjusted 
to 11 with 10% sodium hydroxide. The resulting 
solution was filtered through a fiber glass pad to 
clarify and the filtrate acidified to pH 7.2 with 
1 M hydrochloric acid. The resulting precipitate 

25 was removed by filtration, washed successively with 
water, ethanol, ether and dried in vacuo to give 
0.66 g (52%) of the title compound, mp 198-200°C. 

EXAMPLE 60 

7-13-1 ; Ethyl ami no) methyl ! -1-pyrrci idinvl 1 -6>8- 
30 di f luoro-1 , 4-dihydro-4-oxo-l- ( 2 , 2, 2-tn f luoroethyl )- 

3-cuinol inecarooxyl ic Ac id 

To- 0.76 g {2.33 nunol) of 6 , 7 , S- tr i f lccro-1 - 

(2, 2 # -2-trif -luorcethyl 4-d i hydro- 4-exo-J- 

quinolinecarbox/lic acid in 7.C xl of acetonitrile 
35 was adied C.333 g (2.33 -usi ) of i , 3-diazobicyc lo 

I 5,4. jn Jec-"-er.e 1-. 5 mi zi .acetonitrile followed 
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by 0.29 g <2.33mmol) of 3- 1 (e thy 1 ami no) methyl ] - 
pyrrolidine* The mixture was refluxed for one hour 
and kept at t room temperature overnight. The solids 
were collected and washed with ether to give 0.77 g of 
5 7-13-1 (ethylami no) methyl] -1-pyrrolidinyl] -6, 8-dif luoro- 
1, 4-dihydro-4-oxo-l-(2, 2, 2-trif luoroethyl )-3-quinoline- 
carboxylic acid, mp 222-224°C. 

EXAMPLE 61 

7-1 3- t (Ethyl ami no) methyl] -1-pyrrolldinyl ) -6, 8-dif luoro- 
10 1 , 4-dihydro-l-(l-:nethyl eye lopropyl )-4-oxo-3-quino- 
1 inecarboxyl ic Acid 

To 0.75 g (2.57 mmol) of 6,7,8-trif luoro-1,4- 
d ihydro-i-(l -methyl eye lopropyl} -4-oxo-3-quinoline- 
carboxylic acid in 15.0 ml of acetonitrile was added 
15 0.38 g (2.57 mmol) of l,8-dia2Obicyclo[5.4.0) 

undec-7-ene and 0.32 g (2.57 mmol) of 3-[(ethyl- 
amino)methyl]pyrrolidine. The mixture was refluxed 
for two hours and was cooled and filtered. The solids 
were washed with ether to afford 0.76 g of 7-13- 
20 I (ethylaraino)methyll -1-pyrrolidinyl) -6, 8-dif luoro 
1 , 4-dihydro-l-( 1 -methyl eye lopropyl ) ^-oxo-B-quino^- 
linecarboxyl ic acid, mp 261-263°C. 

EXAMPLE 62 

7- \ 3- [ (Sthylanino)nethyl } -1-pyrrol idinyl ] -6 , 8- 
25 di f luoro-1 f 4-dihydro-l-( 2-methylcvc lopropyl ) - 
4-oxo-3-quinol inecarboxyl ic Acid 

To 0.75 g (2.57 mmol) of 6 , 7 , 8-tr i f luoro-1 , 4- 
d ir.ydro-l-( 2 -methyl eye lopropyl ) -4-oxo-3-q jinol ine- 
carboxylic acid in 15 ml of acetonitrile was addei 
30 0.33 g (2.57 mmol) of 1 , 8-diazobicyc lo [ 5 . 4 . 0 ) 
undec-7-e:.e and 0.32 g (2.57 mmol) of 2- 
! '.ethyiamino)metiiyI J pyrrolidine. The fixture 
was refluxed for two hours, cooled, filtered, and 
tie solids washed witn etner to giv«? 0.84 g of 
3 5 T - ! 2- [ i erhylaT.inoJnet^yl ] -1 -pyrrol idiny I ] -6, 8- 
•i ; : 1 ccro-1 , 4-d in/z ro- 1 - \ I-me tny Icyc iCpr opy 1 > - 
4 -exo- 3- j 'j:noi ineca rooxy 1 1 c ac , r.p J 2 5- 2 J B 0 J . 
2 2 5 G 
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EXAMPLE 63 . 
7-(3^Aaino-l-pyrrolidinyl)-6,8-diflaoro-l f 
!M2-:nethylcyclopropyl)-4-oxoO-auinollnecarboxyllc 
Acid ^' 

5 To 0.47 g (1.58 mmol) of 6,7,8-trif luoro-1,4- 

d ihyd ro-1- ( 2-zne thyl eye lopropyl ) - 4-oxo-3.-qu inol ine- 
carboxylic acid in 10 ml of acetonitrile was arfded 
0.24 g (1.58 mmol) of 1, 8-diazobicyclo (5.4.0) 
undec-7-ene and 0.30 g (1.61 mmol) of 3-1 (t- 

10 butoxycarbonyl ) amino) pyrrolidine* The mixture was 
-refluxed for two hours, filtered, and washed with 
ether to give 1.18 g of solid which was dissolved in 
10 ml acetic acid. The mixture was heated to 100° and 
4 ml of 3N hydrochloric acid was added. Concentration 

15 gave 0.14 g of 7-(3-amino-l-pyrrolidinyl ) -6, 8- 

d i f luoro-1 # 4-d i hyd ro-1- ( 2 -me thyl eye lopropyl ) -4 -oxo- 
3-quinolinecarboxylic acid as the hydrochloride salt, 
mp 267-275°C. - ~ 

EXAMPLE 64 

20 l-( Cyclopropylme thyl ) -7- [ 3- [ (e thylamino) me thyl ) - 
1-PYr rol id iny 1 ) -6, 8-d i f luoro-1 , 4 -d ihyd ro-4-oxo- 
3-quinol ihecrboxylic Acid vr-~? 

To 1.0 g (3.36 mmol) of l-( cyclopropylmethyl ) - 
6, 7, 8-trifluoro-i , 4-d ihyd ro-4-oxo-3-qu inol inecarboxy- 

25 lie acid in 8 mi of acetonitrile was added 0.51 g 
(3.36 mmol) of 1 , 8-diazobicyclol 5 . 4 . 0] undec-"- 
ene and 0.43 g (3.36 mmol) of 3-1 (ethylamino)- 
tnethyl } pyrrolidine each in 1 ml of acetonitrile. 
The mixture was refluxed for two hours and stirreo 

30 overnight at room temperature. The mixture was 

filtered, and washed with ether to give 0.-935 g of 
l-(cyclopropyimethyl)-7-[3-l (e thylamino) me thyl J - 
1 -pyrrol idiiwl ) -6, S-di f luoro-1 ,4-dihydro-4-oxo- 
3-quinol ir.ecrsoxyl ic acid, mp 185-iSS°C. 

2257 
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EXAMPLE 65 

l-Cyclobutyl-7-13-Kethvlamind)mfethyl)*l-pyrro liQ:r t vl]- 
6,8-dif luoro-l,4-dlhydro-4-oxo-3-quinolinecarboxylic 
Acid — - 

To 0.76 g (2.7 mmol) o£ the l-cyclobutyl-6,7, 8- 
trifluoro-l f 4-dihydro-4-oxo-3-quinoiir.ccaL"boxylic acid 
in 10 ml of acetonitrile was added 0.4 g (2.7 mmol) 
of l,8-diazobicyclol5.4.0)undec-7-ene and 0.36 g 
(2.7 mmol and 0.36 g (2.7 mmol) of 3- 1 (ethylamino)- 
roethyl] pyrrolidine. The mixture was refluxed for 
3.5 hours, cooled, filtered, and washed with ether to 
give 0.74 g of l-cyclobutyl-7- (3- [ (ethylamino) - 
methyl ]-l-pyrrolidinyll -6, 8-di£ luoro-1 , 4-dihydro-4- 
oxo-3-quinolinecarboxylic acid, mp 223-225°C. 

EXAMPLE 66 

l-Cyclopentyl-7- [3-1 (ethylamino) methyl) -1 -ovrrol id inyl ) 
6 r 8-difluoro-l, 4-dihydro-4-oxo-3-quinolinecarboxylic 
Ac id 

To 0.86 g (2.7 mmol) of the l-cyclopentyl~6,7, 3- 
trif luoro-i,4-dihydro-4-oxo-3-quinolinecarboxylic acid 
in 10 ml of acetonitrile was added 0.40 g (2.7 mmoi) 
of 1, 3-diazobiCyclo 15.4.0] undec-7-ene and 0.36 g 
(2.7 mmol) of 3- I (ethylamino) me thyl 1 pyrrol id ine . 
The mixture was refluxed for seven hours, cooled, 
filtered, and the solids washed with etner to give 

0. 84 g of l-cyclopentyl-7-(3-l (ethylamino)methyl ] -I- 
pyrrolidinyl )-6, 8-dif luoro-1, 4-dihydro-4-oxo- 3- 
quinoiinecarboxyl ic acid, mp 214-217°C. 

EXAMPLE 67 

i-£thyl-~>- I 3-1 ethyl arri no) -1-pvr rol id inyl 1-6,8- 
d if luoro-1 , 4-dihydro-4-oxo-3-qi:inolinecarboxvl ic 
Acid 

* n * * i n -n^oM o f ^ - o f hwl - f» , 7 .Ji t r i f 1 :ir»r 

1 , 4-dinydro-4-oxo-3-quinolinecarfcoxyl ic acid in 
IC xl of acetonitrile w t ij aJt":od 0.56 g (3. .tct.c ; . 
z i 1 , 5-o*j::^ ;-:yc \ o :> . 4 . 0 ; -.jn-.ioc- 7—»no .ir..i 0.44 7 

2 2 5S 
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(3,7 wool) of 3-(ethylaraino)pyrrolidine. The mixture 
was refluxed for one hour, kept overnight at room 
temperature, filtered, and the jolid washed with ether 
■v^»*T to give 0.81,-g of l-ethyl-7-I3-{ethyi|^in^)rl- 

5 pyrrolidinylj -6, 8-dif luoro-1, 4-dihydro-4-oxo-3- 
quinoline carboxylic acid, mp 227-229 # C. 

EXAMPLE 68 

7-(3-Amino-l-pyrrol id inyl) -6, 8-dif luoro-1. 4-dihydro- 
1- dimethyl eye lopropvl )-4-oxo-3-quinolinecarboxy lie 

10 Acid -.-v> -• 

To 1.24 g {4.27 mmol) of 6,7,8-trifluoro-l,4- 
dihydro-l-(i-methylcyclopropyl)-4-oxo-3-quinoline- 
carboxylic acid in 10 ml of acetonitrile was added 
0*77 (4.27 mmol) of 3-( (t-butoxycarDohyl) amino] - 

15 pyrrolidine and 0.63 g (4.27 mmol) of 1,8-diazo- 
bicyclol5.4.0]undec-7-ene. The mixture was 
refluxed for one hour, cooled, filtered, and the 
solids washed with ether. The solids were dissolved 
in 10 ml of acetic acid at 100°C and 2 ml of 3N 

20 hydrochloric acid was added. This mixture was 
heated at 100° for four hours, concentrated, 
triturated with 2-propanol, and the jsolid filtered, 
washed with ether, and dried (24 hours, 80°C, 
125 mmHg) to give 0.90 g of 7-(3-amino-l-pyrro- 

25 lidinyl )-6, 8-dif luoro-1 , 4-dihydro-l-( 1-me thyi- 
cyclopropyl)-4-oxo-3quinolinecarboxylic acid as 
the hydrochloride salt, mp > 300°C. 

EXAMPLE 69 

i-Cvclcnexvl-T- [3- I (e thy latino ) me thvl 1 -1 -pyrrol id inyl } 
30 6, 8-dif luoro-1 , 4-dihydro-4-oxo-3-c;uinol inecarboxyl ic 
Acid 

To 0.80 g (2.46 mmel) of l-cyclohexyl-6, 7,8- 
trif luoro-1 r 4-dihydro-4-cxo- 3-quir.ofinecarboxylic 
AC id in 15' ^,1 of ^rpt on * t r.i 1 wa* 0. *7 n 
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(2*46 mmol) of l,8-dia2obicyclo[5.4.0]undec7-ene and 
0.33 g (2.58 ramol) of 3-1 (ethylamino)- 
anethyl] pyrrolidine. The mixture was refluxed for or.e 
hour, cooled, filtered, and the solids washed with 
5 ether to give 0.86 g of l-cyclohexyl-7- [3- 

£ £ethylamino)roethyl) -1-pyrrolidinyll -6, 8-dif luoro- 
l»4-dihydro-4-oxo-3-quinolinecarboxylic acid, rop 
194-196°C. 

EXAMPLE 70 

10 7-13- { (Ethvlamino)methvll-l-pyrrolidinyll -6,8- 
dif luoro-1, 4-dihydro-l-(l-methvlethyl )-4-oxo-3- 
quainolinecaroxvlic Acid 

A solution of 0.57 g (2.0 mmol) of 6,7,8- 
trif luoro-1, 4-dihydro-l-(i-methyle thyl )-4-oxo- 

15 3-quinolinecarboxylic acid, 0.32 ml (2,2 mmol) of 
3-1 (ethylamino)methyl]pyrrolidine, 0,30 ml 
(2.0 mmol) of 1 , 8-diazabicyclol 5 . 4 . 0 J undec-7-ene 
and 15 ml of acetonitrile was heated under reflux 
fox one hour. After cooling to room temperature the 

2 0 mixture was filtered and the solid washed with 

acetonitrile and methanol to give 0.58 g of the title 

compound, mp 230-231°C. 

EXAMPLE 71 

l-Cyclopropvl-7- 13- I (ethylamino)me thvl ) -1 -pyrrol i- 
2 5 dinyl ) -6-f luoro-1 , 4-dihydro-4-oxo-3-Juinol inec3r boxy- 
lie acid, Hydrochloride 

A solution of 0.57 g (2.0 mmol) of 7-chioro-i- 
cyclopropyl- 6-f luoro-1 , 4-dihydro-4-oxo- 3-quinol : ne- 
carboxylic acid, 0.58 ml (4.0 mmol) of 3- ( (ethylar.ino)- 
30 aaethyl ) pyrrolidine and 10 ml of 3-picoIine was heated 
under reflux for 17 hours. After coding to room 
temperature the mixture was filtered and the solid 
washed witn hot u>?thanol to give u.42 g of t.?e title 
ccxpound, .tip / 300* J. 
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- ..ARC-PA RAT ION OF STARTING MATERIALS > 

EXAMPLE A 

Ethyl 7-acetvl-l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-3- 
quinollnecarboxylate 

A solution of 26.4 g (0.17 mole) 3-acetyl-4- 
fluoroaniline and 34.6 ml (0.35 mole) 1,3- 
propanedi thiol in 2.5 t chloroform was cooled to 
5 # C* Hydrogen chloride gas was bubbled into the 
stirred solution for 15 minutes at 5 o -10 o C f and the 
reaction was warmed to room temperature with stirring 
overnight* The solvent was removed in vacuo at 60°C, 
and the solid residue twice taken into 800 ml toluene 
and stripped in vacuo at 60°C. The solid material was 
dissolved in 1.5 t chloroform, washed twice with 200 
ml saturated sodium bicarbonate solution, twice with 
200 ml water, and dried with magnesium sulfate. 
Removal of the solvent in vacuo gave a brown oil, 
containing 4-f luoro-3-( 2-methyl-l , 3-di thian-2-yl )- 
benzenamine. This oil was dissolved in 1.2 t 
toluene, and 34.4 ml (0.17 mole) diethyl ethoxy- 
methylenemalonate was added. The toluene was 
distilled off over two hours, until the head 
temperature reached 120-125°C. The resulting brown 
oil, containing diethyl I i I 4-£ luoro-3- ( 2-me thyl- 
1, 3-di thian-2-yi ) phenyl j a^ino) me tnyiene] propanedioate , 
was poured directly into 50u ml Dcwtherra A preheated 
to 250°C. The temperature of the mixture was raised 
back to 250°C, and heated 15 minutes. After cooling, 
the mixtjre was slowly poured into 2 £ pentane and - - 
stirred vigorously overnignt. The solid was 
collected, washed well with pentane, and dried, giving 
40 g of a light ,:rown solid, ethyl 6-f luoro-1 , 4- 
dinyd.ro-7-{2-^etnyl-l, 3-d;tman-2-yl )-4-oxo-3- . . 
quinolineoarooxylate . Witr.out fjrtntr .xr i f ic3 z ior. , 
2 2 0 1 
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this material was treated with 75.3 g*^ (0.55 mole) 
potassium carbonate and 43.6 ml (0.55 *«ole) ethyl 
iodide in 2.7 t N,N-dimeth/lformamide at 85»C 
overnight. The solvent was removed in vacuo at 65 # C, 
5 and the residue dissolved in 2 1 chloroform, washed 
well with water, and dried with magnesium sulfate. 
Removal of solvent in vacuo gave 48.2 g of a light 
brown solid, ethyl l-ethyl-6-f luoro-1, 4-dihydro- 
7-<2-meth^^ 

10 carboxyiate. Without further purification, this 
material was dissolved in 1 A 80% acetoni trile/ 
water/ and added over 30 minutes, at room 
temperature, under nitrogen, to a well-stirred 
—suspension of 28.9 g (0.13 mole) mercuric oxide and 

15 72.9 g (0.27 mole) mercuric chloride in 2 l 80% 

actetonitrile/water. The reaction was warmed to reflux 
for six hours under nitrogen, cooled to room 
temperature, and filtered through a pad of celite. 
The filter pad was washed with 3 i of 1:1 

20 dichloromethane:hexane. The organic phase of the 
filtrate was separated, washed twice with 500 ml 5M 
ammonium acetate solution, twice with 500 ml 'water, 
and dried with magnesium sulfate. The solvent was 
removed in vac-jo, and the solid residue was stirred 

25 overnight in 1.5 t die thylether . The solid was 

collected, washed well witn diethyl ether, and dried 
to give 23.4 g of the title compound, ethyl 7-acetyl- 
l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo-3- 
quinolinecar boxy late, mp 106°-108°C . 

30 EXAMPLE B 

Ethyl 7-bromoacetyl-l-ethvl-6-f 1 joro-1 , 4 -d: hydro* 
4 -ox o- 3 -q j i no line car boxy 1 xc acid 

. . A solution of 2.45 g (S.Omrnol) ethyl -7-acetyi- . - 
l-etnyl-6-£ luoro-1 , 4-d ihydro-4-oxo- 3-q « ino 1 i ne- 
33 Corbox/late in SO ml acetic >c A d *a r s treated wit/: 
0.4 6 ^ potass ijrr. br^T.ate, an J tnon ; . H Til - 5 < 
2 2 62 
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brotnic acid was added dropwise over one. half hour. 
The mixture was stirred 24 hours at room temperature 
and poured into 200 ml ice water. The precipitate 
was filtered, washed with water and dried to'afford 
5 2.87 g ethyl.7-bromoacetyl-l-ethyl~6-fluoro-l,4- 
dihydro-4-oxo-3-quinolinecarboxylate. 

EXAMPLE C 

7-(2 , >dimethylaminoethenyl)carbonyl-l-ethyl- 6-f luoro- 
1, 4-»dihydro-4-oxo-3-guinolinecarboxyllc acid ethyl 
10 ester 

To 2.0 (6.5_jnmol) of ethyl 7-acetyl-l-ethyl-6- 
f luoro-l,4-dihydro-4-oxo-3-quinolinecarboxylate in 
50 ml of dimethylf ormamide was added 1.71 ml (1.25 eq) 
of bis-t-butoxydimethylaminome thane. The mixture was 

15 heated at 70°C for 18 hours. The mixture was then 
concentrated and the residue treated with ether and 
filtered to give 1.95 g of 7-( 2 •-dimethylamino- 
e thenyl ) carbonyl-l-ethyl-6-f luoro-1 , 4-dihydro-4-oxo- 
3-quinolinecarboxylic acid ethyl ester, mp 176-179°C. 

2 0 EXAMPLE D 

' Ethyl 7- ( 2*-d ime thy 1 ami noe thenyl ) caroonyl-l-ethyl-o , 8- 
' d i f 1 ubr 6- 1 , 4 -d i hvd r o- 4 -oxb- 3 -q u i rid 1 i ne c a r bo xy 1 a t e 

To 5.00 g (15.5 mir.oi) of the ethyl 7-acetyl-l- 
ethyl- 6, 8-dif luoro-i , 4-dihydro-4-oxo-3-quinoline- 

25 carboxylate in 65 mi cf dime thy 1 tor.7\amide was added 
4.27 ml (1.3 eq) of bis t-butoxydiniethylaninornethane. 
The mixture was ta<en to 55°C overnight. The mixture 
was concentrated and the solids suspended in etnyl 
ether. Filtration gave 4.88 c of the etnyl 

30 7- (2 ' -dimethyl ami nee thenyl ) carbonyi-l-ethyi-6, 8- 
dif iuoro-i , 4-dihydro-4-oxo-2-quinolin£carboxylate, 
r!0 175-177°C. 

2263 85211721 
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EXAMPLE B ■ 

7-cyano-l , < -dxhydro-l-ethyl-6-f iubro-3-quinoline- 
carboxyllc acid ethyl ester 

To a suspension of 2,78 g (10 mmole) of 7-amino- 
5 l # 4-dihydro-i-ethyl-S-fluoro-3-quinolinecarboxylic 
_ acid ethyl ester in 40 ml of IN HC1 at &° was added a 
solution of 0.72 g (10*5 mini) of sodium nitrite and 
5 mi of water portionwise keeping the temperature at 
„ 8°C, The orange solution was stirred at 5 to 8°C for 
10 0.5 hours* To a solution of 1.07 g (12 nunol) of 

cuprous cyanide, 2.26 g (35 ramol) of potassium cyanide 
and 25 ml of water at 45-50°C was added the diazonium 
solution over 10 minutes. The foaming mixture was 
heated with stirring at 50-60°C for 1*25 hours, then 
15 treated with 10 ml of 29% ammonium hydroxide and 
stirred at 50°C for 20 minutes. The solution was 
cooled with ice and the solid collected by filtration. 
The solid was recrystallized from acetonitrile to give 
0.28g of the title compound, mp 205-207°C. The 
20 acetonitrile filtrate was evaporated to dryness and 
the residue was triturated with ethers to yield an 
additional 0*63 g of product. 

EXAMPLE F 

l-Ethyl-6-f luoro-7-thiocarbamoyl-l , 4-d:nvdro-4-oxo- 

25 3-quinolinecarboxyl ic acid ethyl ester 

Hydrogen sulfide was passed through a solution 
of 1.50 g (5.2 mmol) 7-cyanc-l-e thyl-6-f iuoro-4-oxo- 
3-quinolinecarboxyl ic acid ethyl ester in 25 ml 
pyridine and 1 ml triethylamine for five h^.jrs. After 

30 stirring overnight in a closed flo=*, the precipitated 
solid was filtered, washed with pyridine and ether, 
and dried to afford 1.28 g of yellowish solid of the 
title compound, mp 193-199°C (dec) • 
Analysis calculated for: C 1 5H ; 5N2O 3F 5 : 

3b C, 55. 83; H, 4.69; N, 8.69; S, V.95 

Found: C, 55.77 ; H, 4. "6; l% 9 3.43, 5, iJ.15. 
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••as- EXAMPLE G ■ 

T^Acotvl-l-ethyl-e^-dtgluoro-l ,4-dthvdro-4-oxo-3- 

gulnollnecarboxylic acid 
2 , 6-Dt f luoroacetophenone 
5 To 64.19 g (455 tnmol) of the 2, 6-dif luorobenzo- 

nitrile in 300 ml of diethyl ester was added in one 
hour at -78°C, 650 ml of 1.6 M methyl lithium 
(2.0 eq). The mixture was stirred at -78°C for 
2.5 hours, and then treated with 250 ml of 6 N 

10 hydrochloric acid. The reaction was brought to 5°C 

and allowed to attain room temperature overnight. The 
layers were separated, then the water layer washed 
with dichlorome thane. The ether and dichlororaethane 
layers were combined, dried, and concentrated to an 

15 oil which was purified by column chromatography on 
silica gel tc give 61 g of 2, 6-dif luoroacetophenone 
as a light yellow liquid: IR (liquid film) 1709, 1622 
car* . 

2, 6-Dif luoro-3-nitroacetophenone 

20 To 100 ml of concentrated sulfuric acid at 0° was 

added 17.6 g (109 mmol) of the 2 , 6-di f luoroaceto- 
phenone slowly over 20 minutes keeping the temperature 
at 0-10°C. To tnis solution, at -5°C, was added a 
mixture of 20 ml concentrated sulfuric acid and 6.5 ml 

25 of 70% nitric acid premixed at 0°C before the 
addition. The nitrating agent was added at a 
sufficient rate to <eep the reaction temperature az 
5°C. The reaction was then stirred for 20 minutes 
and poured over ice. The mixture was extracted wi tn 

?r» dichlorcmethane two times. The dichlorome thane was 
dr^ed and concentrated to an cil which was purified 
oy column chrox.a tog raphy to <jive 14; 8 g of 2,6- 
d i f 1 uoro- 3-n i troace tophenone as a pale ye 1 lew cil: 
I * »'liqu:..l film) 1T1 3, 16 JO, 13*0. 1540, 1 2 S J ct," - . 
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Diethyl 3 -acetvl-2 .4-dif luoroanilinomethylene- 
snalonate 

To 18.1 g (90.0 mrool) of the 2, 6-dif luoro-3- 
nitroacetbphenone was ; ia'agcT me thanol , ' Raney Nickel^ 
5 and hydrogen gas. When the mixture had taken up the 
theoretical amount of hydrogen, it was filtered into 
an excess of diethyl methylenemalonate . The methanol 
was removed, and the mixture was treated with toluene 
which was then distilled away to one half volume. The 
10 mixture was tSeii eoncentra vacuum and the 

residue was stirred with ether :pentane to give 24.4 g 
of the 3-acetyl-2, 4-dif luoroanilinomethylene raalonate, 
mp 82-84*C. 

Ethyl 7-acetvl-6 , 8-dif luoro-1 , 4-dihydro-4-oxo-3- 
15 quinolinecar boxy late 

To 380 ml of refluxing Dowtherra A was added 
14.4 g {42.2 mmol) of 3-acetyl-2, 4-dif luoroanilino- 
methyleneroalonate in three portions. The reaction 
was stirred for 30 minutes. After cooling, it was 

0 treated with 500 ml of pentane. The solids were 

■-■ filtered and washed with ether :pentane to give 
7.9 g of ethyl 7-ace tyl-6 , 8-dif luoro-1 , 4-^~ 
dinydro-4-oxo-3-quinolinecarboxylate, mp 267-270°C. 
This material was used witnout further purification, 

5 To 22.3 g (76.6 mmol) of the ethyl 7-ace tyl-6, 8- 

d if luoro-1 , 4-d ihydro-4-oxo-3-q j inol inecarboxy late 
in 900 ml of dimethylf ornkamide was aided 25*c g 
(2.5 eq) of potassium carbonate and 22 ml (3.6 eq } 
of ethyl iodide. The mixture was stirred at 45°C 

0 overnight. The mixture was concentrated, Tr.e re:;, 
was dissolved in water and extracted into dich.iot-- 
"ethar.e. The di :Mor:re tr.ane was concentrated arc . 
c^idusl oil was purified by column chromatography 
.•=:!;.-= 7«r 1 to iiv-r i ^ . b g of et-yl 7-acetyl-l -e t:./.. 

" c, 'J -3 if luoro-1 , 4-i;r.y^ r j-4-oxo-2-^j jir.ol ;.io 
0 3 rocxvl ate, mr ii'^-l^T, 
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To 400 mg (1.23 mmol) of this material was added 
5 ml of 6 N hydrochloric acid and the suspension was 
stirred at 85*C overnight* Filtration gave 
310 mg of 7-acetyl-l-ethyl-6 # 8-ditluoro-lr4-dihydro- 
5 4-oxo-3-quinolinecarboxylic acid, mp 250-251 # C« 

EXAMPLE H 

l-Ethenyl-6, 7, 8-trif luoro-1 , 8-dlhvdro-4-oxo-3- 

quinolinecarboxyl ic acid 

In similar fashion, when the 6, 7, 8-trif luoro- 
10 l/4-dihydro-4"Oxo-3^uinolinecarboxyl"ic^acid ethyl - 

ester is treated with dibromo ethane, the 1-ethenyl- 

6, 7, 8-trif luoro-1 , 4-dihydro-4-oxo-3-quinoline- 

carboxylic acid ester is obtained, mp 134-135°C. 

Subsequent hydrolysis with hydrochloric acid gave 1- 
15 ethenyl-6, 7, 8-trif luoro-1, 4-dihydro-4-oxo-3-quinoline- 

carboxylic acid, rap 186-187°C. 

EXAMPLE I 

7-(Bromoacetyl)-l-ethyl-6 f 8-dif luoro-1 , 4-dihydro-4- 
oxo-3-quinolinecarboxyl ic acid 

20 To 1.12 g (3.80 mmol) of the 7-acetyl-l-ethyl- 

-6, 8-dif luoro-1, 4-dihyd ro-4-oxo-3-quinolinecarboxylic 
acid in 30 ml of acetic acid was added 0.18 g of 
potassium bromate and 1.48 ml of 48% hydrobromic acid. 
The mixture was stirred at 50°C for 24 hours. The 

25 mixture was concentrated to one-half volume and 20 mi 
of water was added. The solids were filtered to 
give 1.3 q of the 7-bromoacetyl-l-ethyl-6, 8-dif luoro- 
1, 4 -di hydro- 4-oxo-3-quinolinecar boxy 1 ic acid, 

30 " In similar fashion the 7- ( bromoacetyl )-6, 8- 
difluoro-i-(2-f luoroethyl )-l, 4-dihydro-4-oxo-3- 
quinolinecarboxyl ic acid, mp 173-175°C, and the 10- 
(bromoacetyl )-9-f luoro-2, 3-d i hydro- 3-me thy 1-7-oxo- ~H- 
pyridot 1 ,2, 3-dej -1 , 4-benzoxaz i ne- 6-car boxy 1 ic acid, 

35 T.p 224-22f L" ♦ were uc^^ctcu. 
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EXAMPLE J 

7-acetyl-6,8-dlf luoro-i-(2-£ luoroethyl )-l , 4-dlhydro- 
4-oxo-3-auinolinecarboxylic acid 

To 1.62-g (34*0 ncnol); of sodium hydride (50% 
5 dispersion in oil, pentane washed) in 250 ml of 

direethylformamide was added 10.0 g (34 mmol) of the 
ethyl 7-acetyl-6,8-difluoro-l,4-dihydro-4-oxo-3- 
quinolinecarboxylate dissolved in 100 ml of 
d imethylformamide at room temperature. The mixture 

10 was stirred for two hours, and 13.0 g (2.4 eq-V-of 
l-bromo-2-f luoroe thane was added. The mixture was 
stirred overnight at 50°C. It was concentrated, and 
partitioned between water and dichlorome thane . The 
dichlorome thane was then concentrated and the residue 

15 purified by column chromatography to give 3.75 g of - 
ethyl 7-acetyl-6, 8-dif luoro-l^f2-f luoroethyl)- 
1, 4-dihydro-4-oxo-3quinoline carboxylate, rop 
155-156°C. This material was hydrolyzed with 2 N 
hydrochloric acid and 2-propanol as co-solvent to give 

20 2.95 g of the 7-acetyl-6, 8-dif luoro-l-(2-f luoroethyl)- 
1, 4>-dihydro-4-oxo-3-quinoline carboxylic acid, 
mp 215-216°C. 

EXAMPLE K 

6, 7, 8-Trif luoro-l-(2-f luoroethvl )-l , 4-dihydro-4-cxo- 

2 5 3 -q u i no line car boxy 1 ic acid 

In identical fashion, 6 r 7 , 8-tr i fluoro-1 , 4- 
dihydro-4-oxo-3-quinoline carboxylic acid ethyl ester 
was converted to 6,7,8-trif luoro-l-(2-f luoroethyl )- 
1, 4-dihydro-4-oxo-3-quinoline carboxylic acid, 
30 mp 207-211°C. 

EXAMPLE L 

10-Acetyl-9-f luoro-2 , 3-dihvdro-3-rr,e thvl-7-oxo-7H- 
pvr ido[l , 2, 3 -de) -1 , 4-penzoxa^ ine-6-carooxy 1 ic acid 

3 5 1- I 6 - f luoro-2- 1 2 - i 2-methvl-l ,3-dicxalan-2-yl)- 

prupoxy i -3-ni trochen.yl ! ethanor-.e 
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" To 35.45 g (0.230 mole) of 2-hyd roxyme thy 1 - 2 >- 

nethyl-l,3-dioxolane 0.78 H 2 0 in 300 ml tetrahydro- 
furan at -78 # C, was added 1C0 ml of 2,3 M n-butyl 
lithium. The solution was warmed to -40 - C and added 
5 to 46.35 g (0.230 mole) of 2, 6-dif luoro-3-nitro- 
acetophenone in 200 '.'ml tetrahydrof urar. at 0 # C. The 
reaction was stirred 30 minutes then poured into 1000 
ml of aan ethyl acetate saturated ammonium chloride 
solution (1:1). The solution was filtered through 

10 celite. The layers separated, and the aqueous layer 
extracted 3 x 500 ml of ethyl acetate. The combined 
organic extracts were washed with brine, dried 
over magnesium sulfate and the solvent removed at 
reduced pressure. The product was chroma tog raphed on 

15 silica, using hexane:ether (4:1) to give 41.2 g of 
l-l6-fluoro-2-[2-methyl-l,3-dioxalan-2-yl)-propoxy]- 

3-nitrophenyl ] e thanone . 

• - 

l-(2-acetvl-3-ethanone-l-{2-acetyl-3 -f luoro-6- 

n i trophenoxv ) -2-propanone 

20 2.2 g (7.35 mrnole) of 1- 16-f luoro-2- [ 2- ( 2- 

methyl-l t 3-dioxalan-2-yl)propoxy)-3-nitrophenyl]- 
ethanone and 360 ml of water :hydrochlor ic acid:acetic 
acid (100:10:250) were stirred overnight. The 
solvents were removed at reduced pressure, the reside 

25 taken up in dichlonae thane and washed repeatedly with 
water. The organic layer was dried over magnesium 
sulfate an3 the solvent removed at reduced pressure. 
The residue was titurated m pentane : Zt 20 (3:1) to 
yield 2.75 g of 1- ( 2-acev/l- 2- t I -or o-6-n 1 t ropherox : 

30 I-propanone, mp 64-65 9 w. 



S-vl )e thanone 



A m i :< u r •? of 
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ethanol and 1 g of Raney nidcel was s;.u*en in an 
atnosphere of hydrogen at 4.5 x 10 5 Pa at room 
temperature for Iff hours. The reaction was filtered 
and the solvent removed at reduced pressure. The 
5 residue was chroma tographed on silica, with 

hexanesether (1*1) to give 2.76 g of l-(7-fluoro- 

3 f 4-dihydro-3-ine thyl-2H-l , 4-benzoxaz in-8-yl ) e thanone . 

4-1 (8-Acetvl-7-fluoro-2.3-dihydro-2-meth yl-4H-l,4- 
benzbxazin-4-vl ^methylene! -2 . 2-dimethvl-l . 3-dioxane- 
10 4 r 6-dione 

A mixture of 3.66 g (17.49 mmole) of l-(7-fluoro- 
3,4-dihydro-3-methyl-2H-l,4-benaoxazine-8-yl)ethanone, 

100 ml of methanol and 3.91 g (21.0 mmole) of 4- 
(a*thoxymethylene)-2 f 2-dimethyl-l,3-dioxane-4,6-dione 

15 was stirred at room temperature overnight. The 
reaction was filtered and the solvent removed at 
reduced pressure. The crystals were titurated with 
pentane to yield 4.30 g of 4-t (8-acetyl-7-f luoro-2, 3- 
dihydro-3-methyl-4H-l,4-benzoxazine-4-yl)metnyleneJ- 

20 2;2-dimethyl-l,3-dioxane-4,6-dione, mp 184-185°C. 

10-Acetyl-9-f luoro-2. 3-jihvdro-3-me thY 1 - 7 ~ 5XO ~ 7 ^," 
pvr 16011,2, 3-del -1 , 4-benzoxaz ine-6-ca rt>oxvi ic acid 

A mixture of 7.22 g (19.37 nmole) of 41(8- 
acetyl-7-f luoro-2, 3-d ihydro-3-me thy 1-2H-1 , 4- 
25 benzoxazin-4-yl)-methylene-2,2-dimethyl-l,3-dioxane- 

4,6-dione and 72.2 g of oolyphospnor ic acid was heated 
at 63°C for two hours. The reaction mixture was 
cooled and poured onto ice, the crystals were filtered 
and titurated with ethyl ether to give 3.45 g of 10- 
30 acetyl-9-f luoro-2, 3rdihydr3-3-n>ethyl-T-oxo-7H-pyridc 

,'l , 2, 3-de)-l, 4-benzoxazine-6-carbcxyl i| acid, mp 
256-259°C . 

EXAY.FLE M 
: ;--etr.yl- 3-pyr rol li :r,eT." -.r.s^a-i ne 
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N-^ethvl-5"Oxo-l-(phenylmethvl)-3-pvrroltdlne- 
carboxamide 

A mixture of 100 g (0.43 roole) of methyl 5-oxo-l- 
(phenylroethyl)-pyrrolidinecarboxylate l J • Org. Chein., 
5 26 , 1519 (1961)], 500 ml methanol and 100 g 

(3.2 mole) of methyl amine was heated at 100°C in a 
pressure reactor for 16 hours. The reaction mixture 
was cooled and the ammonia and methanol were removed 
under reduced pressure. The residue was taken up in 

10 dichlororae thane and washed 3 x 100 ml IN sodium 

hydroxide. The organic layer was dried over magnesium 
sulfate and the solvent removed at reduced pressure to 
give 88.3 g of N-methyl-5-oxo-l-(phenyl:nethyl)-3- 
pyrrolidinecarboxamide as a white solid, 

15 mp 82.5-83.0°C. 

Analysis calculated for Ci3Hi6>*2°25 

C, 67.22; H, 6.94; N, 12.06 
Found C, 66.98; H, 6.69; N, 12.02 
This material was used in the next step. 

20 ' N-methyl-l-(phenylmethyl)-3-pyrroli dinemethanamine 

To a suspension of 37.40 g <l76V*moie)' lithium aluminum ~ 
hydride in 1000 ml tetrahydrof uran, is added a 
solution of 88.3 g (0.380 mole) of N-me thyl-5-oxo- 
l-(phenylmethyl ) -3-pyr rol idinecarboxamide in tetra- 

25 faran dropwise under nitrogen. The reaction was then 
refluxed overnight. The reaction flask was cooled in 
an ice tatn and 37.4 ml of water, 37.4 ml of 15% 
sodium hydroxide and and 112.2 ml of water were added. . 
The precipitated solids were filtered and washed with 

30 hot ethanol. The combined filtrates were 

concentrated, then dissolved in dicnlorome thane, 
f i Itered-y dried over •nannesium sulfate, and the 
solvent evaporated under re^ir^i nrp^nr^ rn niv« 
6d.68 g of N-.T\e thy 1 - 1- ( pheny Ime thy 1 ) - 3- 
35 cvrroiid:r.e^th3r.a.T.ir.e as ar. oil. This material was 



.:cd w *ioct tjrtnor r.-ur ; l i«:at ion in tne ste 
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N-roe thyl-3-pyrrolidineme thanamlne 

A mixture of 67.28 g (0.32 mole) of N-methyl-1- 
- (phenylmethyl)-3-pyrrolidinero«thanamine # 3 g of 20% 
palladium on carbon, and 600 ml of methanol was shaken 
in an atmosphere of hydrogen at about 4^5 x 10 5 Pa 
and at room temperature for 18 hours. Another 3 g of 
20% palladium on carbon was added and the hydrogena- 
tion continued for 6.5 hours. Another 3.0 g of 20% 
palladium on charcoal was added and the^ hydrogenation 
continued for another 4.5 hours. The catalyst was 
filtered and the filtrate evaporated under reduced 
pressure. The residue was distilled under vacuum 
(72-76°C, 10.5 mm Hg) to give 8.32 g N-roethyl-3- 
pyrrolidinemethanamine • 

EXAMPLE N 
N-Ethyl-3-pyrrolidinemethanamine 

N-Ethyl-5-oxo-l-(phenylmethyl)-3-pyrrolidine- 
carboxamide 

A mixture of 200 g (0.86 mole) of methyl 
0. . S-oxo-l-Xphenylm^ U. Org . 

Chem., 26, 1519 (1961)], 1000 ml methanol and 200 g 
(4.4 mole) of ethylamine was heated at 100°C in a 
pressure reactor for 17.2 hours. The reaction mixture 
was cooled and the excess ethylamine and methanol were 
5 removed under reduced pressure. The residue was taken 
up in dichlorome thane and washed 3 x 150 ml IN sodium 
hydroxide. The organic layer was dried over magnesium 
sulfate and the solvent removed at reduced pressure to 
give 104.6 g of N-ethyl-5-oxo-l-(phenylmethyl )-3- 
0 pyrrolidinecarboxamide as a white solid, rap 97-99°C. 
This material was used in the next r step. 
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N-^thyl-lr(Phenylmethyl)-3*Pvrrolldtnemethanaralne 

To a suspension of 108.68 g (2.860 mole) lithium 
aluminum hydride in 800 ml tetrahydrof uran, is added a 
solution of 194.5 g (0.790 mole) of N-ethyl-5-oxo-l- 
<phenylmethyl)-3-pyrrolidinecarboxamide in 600 ml 
tetrahydrof uran dropwise under nitrogen. The reaction 
was then refluxed four hours. The reaction flask was 
cooled in an ice bath and 108 ml of water, 108 ml of 
15% sodium hydroxide, and 324 ml of water were added. 
The precipitated solids were filtered' and washed with 
hot ethanol. The combined filtrates were 
concentrated, then dissolved In dichlorome thane , 
filtered, dried over magnesium sulfate, and the 
solvent evaporated under reduced pressure to give 
151.9 g of N-ethyl-l-(phenylmethyl)-3-pyrrolidine- 
methanamine as an oil. 

This material was used without further purifi- 
cation in the next step. 



N-ethYl-3-pyrrolidinemethanamine 

20 A mixture of 151.65 g (0.695 mole) of Nr-ethyl-1- 

(phenylmethyl)-3-pyrrolidinemethanamine, 5 g of 20% 
palladium on carbon, and 1100 ml of ethanol was shaken 
in an atmosphere of hydrogen at about 4.5 x 10^ Pa 
and at room temperature for 21.6 hours. Another 5 g 

25 of 20% palladium on carbon was added and the 

hydrogenation continued for 24 hours. The catalyst 
was filtered and the filtrate evaporated under reduced 
pressure. The residue was distilled under vacuum 
(88-91°C, 11.5 mm Hg) to give 66.0 g N-ftthyl-3- 

3 0 pyrrol id ineme thanamine . 

EXAMPLE 0 

N-( 2, 2, 2- Tr if lu oroethyl )-3-pvrrol j.i i nemp than ami ne 
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5-Oxo-l-(phenylmethyl)-N-(2,2, 2-trl£luoroethyl )- 
3-pyrrolidlne carboxamide 

A mixture of 21 # 9 g (0.100 mole) methyl-5-oxo- 
l-(phenylm«thyl j-3-pyrrodlidinecarboxylate in 
5 150 ml tetrahydrofuran, was cooled to 0 # C in an ice 
bath under nitrogen and 24.32 g (0.150 mole) carbonyl 
diiraidazole was added ♦ The reaction was stirred at 
0 # C for 30 minutes, then at room temperature for 
30 minutes. A solution of 13.55 g (0.100 mole) of 

10 2 f 2,2-tri£louroethylamine hydrochloride, 15.22 g 

(0.100 mole) 1, 8-diazabicyclol5.4.0)undec-7-ene and 
100 ml tetrahydrofuran was added. The reaction was 
stirred at room temperature overnight. The solvent 
was removed at reduced pressure. The residue was 

15 taken up in dichloromethane and washed 3 x 150 ml 

saturated sodium bicarbonate. The organic layer was 
dried over magnesium sulfate and the solvent removed 
under reduced pressure. The product was purified by 
column chromatography on silica with ethyl acetate 

20 to give 8.50 g of 5-oxo-l-(phenylme thyl )-N- 

(2, 2, 2-trifluoroethyl)-3-pyrrolidinecarboxamide 
mp 110-112«C. 

This material was used in the next step. 

l-(Phenylmethyl )-N-(2, 2 f 2-trif luoroethyl )-3- 

2 5 pyrrol id inemethanamine 

A mixture of 8.50 g (28.3 nole) of 5-oxo-l- 
(phenylroethyl)-N- (2, 2, 2-trif luoroethyl )- 3- 
pyrrolidinemethanamine in 100 ml tetrahydrofuran 
was added dropwise to 3.22 g (84.9 mmole) of lithium 

30 aluminum hydride in 50 ml tetrahydrofuran. The 

reaction was refluxed two hours, then stirred at roo.r. 
temperature overnight. The reaction w<as> cyuied in an 
ice bath and 3.2 ml of water, 3.2 ml of 15% sodium 
hydroxide, and 9.6 ml of water were added. The 

35 precipitated salts were filtered and washed with net 
etnanol. The combined filtrates were concer.tr a ted 
° ° 7 1 
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under reduced pressure* The residue was taken up in 
dichlororae thane, filtered, and dried over magnesium 
sulfate* The solvent was removed at reduced pressure 
to give 7*15 g of l-(phenylmethyl-N- (2,2,2- 
5 trifluoroethyl)-3-pyrrolidinemethanaraine. 

This material was used without further 
purification in the next step. 

N- ( 2 , 2, 2-trif luoroethyl )-3-pyrrolidinemethanamine 
A mixture of 7.15 g (26.3 mmole) l-( phenyl- 

10 ncthyl)-N-(2,2,2-trifluoromethyl)-3-pyrrolidine- 
methanaraine 100 ml of methanol and 0.7 g of 20% 
palladium on carbon was shaken in an atmosphere of 
hydrogen at about 4.5 x 10 5 Pa and at room tempera- 
ture for 24 hours. The catalyst was filtered and the 

15 filtrate evaporated under reduced pressure. The 
residue was distilled under vacuum (63-65°C, 
2.8 mm Hg) to give 2.55 g of N-(2,.2, 2-trif luoroethyl )- 
3-pyrrolidineraethanamine. 

EXAMPLE P 

20 N-Propyl-3-pyrrolidinemethanamine 

5^xo-l-(phenylmethyl )"N-propyl-3"pyrrol idine- 
carboxamide 

To a solution of 10.96 g (50 mmole) of 5-oxo- 
l-(phenylmethyl )-3-pyrrol idinecarboxyl ic acid in 

25 150 ml of acetonitrile was added 9.73 g (60 mmole) 

of 1, 1 '-carbonyldi imidazole . The reaction was heated 
to 60°C for one hour, cooled to room temperature and 
treated with 4.13 g (70 mmole) of n-propy lamine . 
After stirring for two hours, the solvent was removed 

30 in vacuo and the residue partitioned between ether 
and water. The oryanic layer was washed with water, 
IN hydrochloric acid, dried over rr.a gnes ium sulfate, 
filtered, and evaporated invacuo to give 12,0 g o: 
5-oxo-l-( phenyl -methyl ) -N-propy 1- 3 -pyrrol idine- 

3S carboxamide, mp &6-83 < tt? ^ ^ ^ 9 1 
2275 
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1 -(Pheny line thyl )-N-propyl- 3 -pyrrol id Ineme thanamine 

To a suspension of 8.2 g (0.2 itole) of lithium 
aluminum hydride in 150 ml of dry tetrahydrofuran was 
added portionvise, 12.0 g (45.6 mmole) of solid 
5 5-oxo-l-(phenylmethyl)-N-propyl-3-pyrrolidinecarbox- 
araide. When the addition was complete, the reaction 
mixture was stirred at room temperature for 18 hours 
and then at reflux for two hours. After cooling to 
room temperature, the mixture was treated dropwise, 

10 successively, with 8 ml of water, 8 ml of 15% aqueous 
sodium hydroxide and 24 ml of water, titrating the 
final addition to produce a granular precipitate. The 
solid was removed by filtration, washed with tetra- 
hydrofuran and the filtrate evaporated in vacuo to 

15 give 9.6 g of l-(phenylmethyl )-N-propyl-3-pyrrolidine 
methanamine, as a heavy syrup. 

This material was used for the next step without 
further purification. 

N-Propyl-3-pyr rol id ineme thanamine 
20 A mixture of 14.0 g (60.0 mmole) of 1- 

( phenylme thyl )-N-propy 1-3 -pyrrol id ineme thanamine, 
1.0 g of 20% palladium on carbon and 140 ml of 
methanol was shaken in an atmosphere of hydrogen at 
about 4.5 x 10 5 Pa and room temperature for 24 hours. 
25 The catalyst was removed by filtering through Ceiite, 
the filtrate concentrated and distilled in vacuo to 
give 7.1 g of N-propyl-3-pyrrolidinemethanamine , 
bp 49-50°C/0.25 mm. 

EXAMPLE 0 

30 N-Cyclopropyl-3-pyrro lid ineme thanamine 

5-Oxo-l-( phenyl me thyl ) -N-cyc lopropyl- 3- 

fr*yi luiioiiicLdtjjudiiiiue 

To a solution of 16,4 g (75 nunole) of 5-cxo- 

1 -( phenylme thyl ) - 3 -pyr ro 1 l d : n^ca r Doxy 1 ic ac : : n 

35 150 ml of acetonitrtle w.is adtio-.i lt.b j ( y 0 rr^oie) .^f 
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1# 1 '-carbonyldiiraidazole. The reaction was heated to 
60 # C for one hour, cooled to room temperature and 
treated with 4.85 g (85 mmole) of cyclopropylamine . 
The reaction was stirred at room temperature for 
5 18 hours, the solvent removed in vacuo and the residue 
partitioned between chloroform and water. The organic 
layer was washed with water, 1 N hydrochloric acid, 
dried over magnesium sulfate, filtered, and evaporated 
in vacuo to give 18.3 g of 5-oxo-l-(phenylmethyl )-N- 
10 cyclopropyl-3-pyrrolidinecarboxamide, rap 94-96°C. 

~l-(Phenylmethyl )-N-cyclopropyl-3-pyrrol idine- 
methanamine 

To a suspension of 8.2 g (0.20 mole) of lithium 
aluminum hydride in 150 ml of dry tetrahydrof uran was 

15 added portionwise 18.0 g (70.0 mmole) of solid 5-oxo- 
1 - ( phenylme thyl ) -N-cyc lopropyl-3-pyr rol id ine- 
carboxamide. When the addition was complete, the 
reaction mixture was stirred at room temperature for 
18 hours and then at reflux for two hours. After 

20 cooling to room temperature, the mixture was treated 
dropwise, successively, with 8 ml b£ water, 8 ml of 
15% aqueous sodium hydroxide and 24 ml of water, 
titrating the final addition to produce a granular 
precipitate. The solid was removed by filtration, 

25 washed with tetrahydrof uran and the filtrate 

evaporated in vacuo to give 16.0 g of l-(phenyl- 
methyl ) -N-cyc lopropyl- 3 -pyrrol id ineme than ami ne , as a 
heavy oil. This was used for the next step without 
further purification. 
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N-Cyclopropyl-3-pyr rolldinemethanamlne 

A mixture of 13.6 g (59.0 ramol) of 1- 
{phenylmethyl)-N-cyclopropyl-3-pyrrolidineraethanamine, 
0.5 g of 20% palladium on carbon and 140 ml of 
5 methanol was shaken in an atmosphere of hydrogen at 
about 4.5 x 10 5 Pa and room temperature for 24 hours. 
The catalyst was removed by filtering through Celite, 
the filtrate concentrated and distilled in vacuo to 
give 6.3 g of N-cyclopropyl-3-pyrrolidinemethanamine, 
10 bp 88-90V13 mm. 

EXAMPLE R 

N-( 2-Propyl )-3-pyrrolidinemethanamine 

5K)xo-l-(phenylmethvl)-N-(2-propyl)-3-pyrrolidine - 
carboxamide 

15 To a solution of 16.4 g (75.0 mmole) of 5-oxo-l- 

(phenylmethyl)-3-pyrrolidinecarboxylic acid in 150 ml 
of acetonitrile was added 13.8 g (85.0 mmole) of 
1, I'-carbonyldiimidazole. The reaction was heated to 
60°c: for one hour, cooled to room temperature and 

20 treated with 5.0 g (85 mmole) of isopropylamine. The 
reaction was stirred at room temperature for 18 hours, 
the solvent removed in vacuo and the residue parti- 
tioned between chloroform and water. The organic 
layer was. washed with water, IN hydrochloric acid, 

25 dried over magnesium sulfate and evaporated in vacuo 
to give 18.6 g to give 18.6 g of 5-oxo-l-(phenyl- 
methyl )-N-{ 2 -propyl ) - 3-pyr rol id inecarboxarr.ide , 
mp 122-124°C. 
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l-( Phenyls thvl ) -H- { 2 -propyl ) -3 -pyrrol Id tneme thanamtne 

To a suspension of 8.2 g {0.2 mole) of lithium 

aluminum hydride in 150 ml of dry tetrahydrof uran was 

added portionwise, 18.3 g (70.0 ramole) of solid 

5 S-oxo-1- ( phenylme thyl )-N- (2-propyl ) -3-pyrrol id ine- 

carboxaraide. When the addition was compete, the 

reaction mixture was stirred at room temperature for 

18 hours and then refluxed for two hours. After 

cooling to room temperature, the mixture was treated 

dropwise, successively, with 8 ml of water, 8 ml of 

15% aqueous sodium hydroxide and 24 ml of water, 

titrating the final addition to produce a granular 

precipitate. The solid was removed by filtration, 

washed with tetrahydrof uran and the filtrate 

15 evaporated in vacuo to give 15.6 g of l-(phenyl- 

methyl)-N-( 2-propyl )-3-pyrrolidinemethanamine as a 
heavy syrup. 

This material was used for the next step without 
further purification. 

20 N-(2-Propvl)-3-p Y r rolidineinethanamine 

A mixture of 13.4 g (58.0 mmol) of 1-phenylraethyl- 
N-(2-propyl)-3-pyrrolidineroethanamine, 1.0 g of 20% 
palladium on carbon and 130 ml of methanol was shaken 
in an atmosphere of hydrogen at about 4.5 x 10 5 Pa 

25 and room temperature for 24 hours. The catalyst was 
removed by filtration through Celite; the filtrate 
concentrated and distilled in vacuo to give 6.3 g 
of N- ( 2 -pr opy 1 ) - 3 -py r r o 1 id i neme t h a n a.u i n e , 
bp 58-60»C/3.5 mm. 
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-. ~ EXAMPLE S ■ 

2-1 (3-pyrrolidinylmethyl )anino]ethanol 

N- ( 2-h?droxye thyl ) - S-oxo-1- ( pheriylti^thVl ) -3- 
pyrrolidinecarboxamlde 

A mixture of 46.7 g (1200 mole)-of methyl- 
5-oxo-l-(phenylraethyl)-3-pyrrolidinecarboxylate (J. 
Org* Chera., 26, 1519 (1961)1, 36.7 g (1600 mole) 
2-aminoethanol and 500 ml methanol were refluxed 
overnight. The reaction was cooled to room 
temperature and the solvent removed at reduced 
pressure. The residue was taken up in dichloromethane 
and extracted 3 x 100 ml 1 N sodium hydroxide. The 
aqueous layer was taken to pH 5, extracted 3 x 150 ml 
dichloromethane, then taken to pH 8 and again 
extracted 3 x 150 ml dichloromethane. The aqueous 
layer was concentrated at reduced pressure and the 
resulting slurry stirred in dichloromethane. The 
salts were filtered off. The combined organic layers 
were dried over magnesium sulfate, the solvent removed 
at reduced pressure to yield 47.9 g of N-(2- 
'''hyflroxyethy 

pyrrolidinecarboxamide as an oil. Tftis was used in 
the next step without further purification. 

2-[ I (l-(phenylmethyl )-3-pyr rolid inyl) me thyl) amino) 
ethanol 

A mixture of 46.66 g (0.178 mole) of N-(2- 
hydroxyethyl )-5-oxo-2-(phenylmethyl )-3- 
pyrrolidinecarboxamide in 200 ml of te trahydrof uran 
was added dropwise to a slurry of 20.25 g (0.534 mole) 
of lithium aluminum hydride in 150 ml te trahydrof ur an . 
The reaction was refluxed three hours^.then cooled in 
an ice bath. The work up consisted of sequential 
addition of 20 ml water, 20 ml 15% sodium hydroxide 
then 60 ml water. The reaction was filtered and the 
precipitate washed with ethanol. The filtrate was 
2280 
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concantrated at raduced pressure, _tha residue taken up 
in dichlororae thane, dried over magneaium sulfate, and 
tha solvent removed at raducad prassura to give 

32. 31 | oO-ll [l-(phenylmathyl)-3^pyrrblidtnyr] - 
5 methyl] aminejethanol as an oil. This matarial was 
usad in the next step without further purification. 

2- ( ( 3-pyr rol id lnvlme thyl } amino] e thanol 

x A mixture of 32.32 g of 2-11 ll-(phenylmethyl)- 
" ~ : 3 ^-pyrrol id iny 1] -methyl] amino) ethanol, 330 ml of 
10 methanol and 3 g of 20% palladium on charcoal was 

shaken in an atmosphere of hydrogen at about 

4.5 x 105 Pa and at room temperature for 18 hours. 

The solvents were then removed at reduced pressure. 

The residue was distilled under vacuum (bp 129^1 31°C, 
15 1.5 mm Hg) to give 11.43 g of 2-1 (3-pyrrolidinyl- 

methyl) amino] e thanol. 

EXAMPLE T 

i f l-m me thvlethvlIl- ^iphenvlmethy1)-3-a2etidin Y l)- 
carbamate 

2 6 A solution of 12.2 g (51.2 mmole) of l-(diphenyl- 

methyl") -3-azetidinamine in a mixture of 34 ml of 
water and 100 ml of t-butanol was treated dropwise 
with 11.4 g (52 mmol) of ditertiarybutyldicarbonate . 
After the addition was complete, the reaction was 
25 heated at 60«C for 1 hour, then at room temperature 
for 18 hours. The reaction mixture was diluted with 
water and extracted with chloroform. The chloroform 
layer was washed with water, dried over magnesium 
sulfate, filtered, and evaporated in vacuo to give 
30 14.3 g of l,l-dimethylethyl-l-(di P henylraethyl)-3- 
azetidinyl] carbamate, mp 148-1 53°C. 
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' EXAMPLE 0 -»:•-«.•• 

l.l-Dl»ethvlethyl(3-azttidin vl) carbamate 

A solution.^ 14.2 g (42.0 nwole) ql^.l^-;: 
d ime thyle thyl- 1 1- (d iphenylrae thyl ) -3-aze t id iny 1 ) - 
5 carbamate in 100 ml o£ tetrahydrof uran was shaken with 
2 g of 20% palladium on carbon in a hydrogen 
atmosphere at 4.S x 10* Pa for 24 hours. The 
reaction was filtered through Celite and the solvent 
was removed in vacuo. The residue was, triturated 
10 several times with hexane to give, as the insoluble 
residue, 6.5 g of l,l-dimethylethyl-(3-azetidinyl)- 

carbamate, mp 138-140°C. 

EXAMPLE V 

l-(Dlphenylmethyl)-3-azetldlne methanamlne 
15 A suspension of 5.7 g (0.15 mole) of lithium 

aluminum hydride in 200 ml of dry tetrahydrofuran was 
treated portionwise with 18.6 g (75 mmole) of solid 
3-cyanc-l-(diphenylmethyl)azetidine. When the 
addition was complete, the reaction was stirred at 
20 room temperature for two hours, refluxed for four 

hours,., and stirred at room temperature for 18 hours. 
The reaction was decomposed by the successive addition 
of 6 ml of water, 6 ml of 15% sodium hydroxide, and 18 
ml of water, titrating the final water addition to 
25 give a granular precipitate. The inorganic 

precipitate was removed by filtration, washed with 

tetra hydrofuran and evaporated in vacuo to give 

16.9 g of l-(diphenylmethyl)-3-azetidinemethanamine as 

a heavy oil. 
30 EXAMPLE X 

l f 1-DlmethvlethvlI ll-(diph envlmethyl )-3-azetidir.yl 1 : 

methyl 1 carbamate 

To a solution of 12.0 g (47 mmole) o£ 1- 

(diphenylmethyl)-3-azetidinemethanamine, 2.08 g 
35 (52 mmole) of sodium hydroxide in 34 nl of water and 

100 ml of t-butanol was added dropwise 11.4 g 

(52 mmole) of di tort iarybu ty 1-d icacQona te . The 

228 ~ «q?l17':1 




reaction was heated at 60 # C for one hour, than at roo*. 
temperature for 18 hours. The reaction vaa than 
diluted with water and extracted with chloroform. The 
organic layer was washed with water, dried over mag- 
5 nesiura sulfate, filtered and evaporated in vacuo to 
give 14.2 g of 1, 1-diioethylethyl [ U-(diphenylmethyl )- 
3 -aze tid inyl J me thyl J ca rbama te . 

EXAMPLE Y 

1 f 1-Ditne thyl ( 3-aze t id inylme thyl ) ca rbama te 

10 A solution of 13.7 g (38.9 mmole) of 1,1- 

dimethylethyl [ ll-diphenylroethyl)-3-azetidinyl]methylJ 
carbamate in 150 ml of tetrahydrof uran was shaken 
with 2g of 20% palladium on carbon in a hydrogen 
atmosphere 4.5 x 10 s Pa for 24 hours. The reaction 

15 was filtered through Celite and the solvent removed in 
vacuo. The residue was triturated several times with 
hexane to give, as an insoluble residue, 6.8 g of 
1, l-dimethyl( 3-aze tidinylmethyl) carbamate as a viscous 
oil. This was used without further purification. 

2 0 EXAMPLE 2 _ 

L- (Diphenylme thy 1 )-N-me thyl- 3-aze tid inecarboxamide 
, , — . To a solution of 7.5 g (2 8 mmole).. of^l-(diphenyl^ 
methyl) aze tid ine-3-carboxylic acid in 75 ml of 
acetonitrile was added 6.0 g (37 mmole) of 1,1"- 

25 carbonyldiiroidazole. The reaction was heated at 60°C 
for two hours and successively treated with 3.11 g 
(30.8 mmole) of tr ie thylamine and 2.08 g (30.8 mmole) 
of methylaraine hydrochloride. The reaction was 
stirred at 60°C for an additional hour, the solvent 

30 evaporated in vacuo, and the residue dissolved in 
chloroform. After washing with water and drying 
over magnesium sulfate, the chloroform layer was 
2 2 83 
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•vapor a tad in vacuo to give 9.0 g of 1- 

(diphenylmethyl)-N-methyl-3-a2etidinacarboxamide r 
up 103-I07«C. 

EXAMPLE AAh--v --• ^--^^ 

l-(PiPhenvlmat hyl)-N-methyl-3-azetldlnemethanamine 

To * «u»Penaion of 3.2 g (85 mroole) of lithium 
aluminum hydride in 50 ml of dry tetrahydrof uran was ' 
added dropwise, a solution of 8.5 g (28 nanole) of 
1 -diphenylme thyl-N-me thyl- 3-aze tid inecarboxamide in 
SO ml of dry tetrahydrof uran. After "the^additibh 
was complete, the reaction was refluxed for two hours, 
cooled to room temperature, and decomposed by the 
successive addition of 3.4 ml of water, 3.4 ml of 
15% aqueous sodium hydroxide and 10.2 ml of water, 
titrating the final water addition to give a 
granular precipitate. The inorganic precipitate was 
removed by filtration, washed with tetrahydrof uran, 
and evaporated in vacuo. The residue was dissolved 
in chloroform, dried over magnesium sulfate, filtered, 
and evaporated in vacuo to give 7.0 g of-1- 
(diphenylmethyl)-N-methyl-3-azetidinemethanamine as a 
heavy syrup. ...This was used without further ■ 
purification! 

EXAMPLE BB 
25 W-Methvl- 3-aze tid in inemethanamine 

A solution of 6.7 g (25 rair.ole) of 1- 
diphenylmethyl-N-methyl-3-aze tid inemethanamine in 
100 ml of methanol was shaken with 2.0 g of 20% 
palladium on carbon in a hydrogen atmosphere at 
4.5 x 105 p a for 18 hours. The reaction was filtered 
through Celite and the solvent removed in vacuo. The 
residue was triturated several times with hexane to 
give, as the insoluble residue, 2.3 q of 
N-methyi-3-azetidinemethandfTune as a heavy syrjp. 
This was used without further purification. 
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EXAMPLE CC 

l-(OlPhenvlmethvl)-N-«thvl-3-a»eti din«carboxamlde 

TQfta solution: of r?t. 5 g (28 mmole) of l-(dlphenyl- 
nethyl)axetidine-3-carboxylic acid in 75 ml of 
5 acetonitrile. as added 6.0 g (37 mmole) of 1,1'- 

carbonyldi imidazole. The reaction was heated at 60 # C 
for two hours and successively treated with 3.1 g 
(30.8 mmole) of triethylamine and 2.52 g (30.8 ramole) 
of cthylamine hydrochloride. The reaction was stirred 
10 at 60 # C for an additional hour, the solvent evaporated 
in vacuo and the residue dissolved in chloroform. 
After washing with water and drying over magnesium 
sulfate, the chloroform layer was evaporated in vacuo 

to give 9.4 g of 
15 l-(diphenylmethyl)-N-ethyl-3-azetidinecarboxaraide, 

top 91-93 # C. 

EXAMPLE DD 

l-(Diphenylmethyl)-N-ethyl-3-azetid inemethanamine 
To a suspension of 3.2 g (85 mmole) of lithium 
20 aluminum hydride in 50 ml of dry tetrahydrofuran was 

... added dropwise, a solution pf 8,5 g J 28.0 mmole) of 

l-(diphenylmethyl)-N-ethyl-3-azetidinecarboxamide in 

50 ml of dry tetrahydrofuran. After the addition was 
complete, the reaction was refluxed for two hours, 

25 cooled to room temperature, and decomposed by the 

successive addition of 3.4 ml of water, 3.4 ml of 15% 
aqueous sodium hydroxide and 10.2 ml of water, 
titrating the final water addition to give a granular 
precipitate. The inorganic precipitate was removed by 

30 filtration, washed with tetrahydrofuran and 

evaporated in vacuo to give 6.7 g of l-(diphenyl- 
methyl)-N-ethyl-3-azetidinemethanamine as a heavy 
syrup. This was used without further purification. 
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_ EXAMPLE EE 

N-Ethyl-3-azetldlneme thanamino 

A solution of 6.4 g (23 mole) of 1- 
(diphenylmethyl)-N-ethyl-3-azttldineroethanamine in 
5 100 nl of methanol was shaken with 2,0 g of 20% 
palladium on carbon in a hydrogen atmosphere at 
4i 5 x 10 5 Pa for 18 hours. The reaction was 
filtered through Cell te and the solvent removed in 
vacuo. The residue was triturated several times 
10 with hexane to give/ as the insoluble Residue, 1.6 "g 
of N-ethyl-3-azetidinemethanamine as a heavy syrup. 
This was used without further purification. 

EXAMPLE PP 

2 -Me thyl-2 , 7-dlazaspiro [4.4] nonane-1 , 3 , 8-tr ione 
15 A solution of 20.3 g (0.084 mole) 3-ethoxy- 

carbonyl-5-oxo-3-pyrrolidineacetic acid ethyl ester 
U. Org. Chem. A6, 2757 (1981)] in 40 ml of 40% 
aqueous methyl amine was stirred at room temperature 
overnight, then placed in an oil bath and gradually 
20 heated to~220 # C over 30 minutes allowing volatiles 
to distill from the open flask. The crude product 
was crystallized from ethanol to afford 12.56 g of 
the title compound, rap 201-204 # C. 
Analysis calculated for C8H10N2O3: 
25 C, 52.74; H, 5.53; N, 15.38. 

Pound: C, 52.87; H, 5.60; U, 15.25. 

EXAMPLE GG 

7-Benzyl-2-methyl-2,7-diazaspiro[4 .4) nonane-1 , 3, 8- 
trione 

30 A solution of 1.82 g (10 mmol ) 2-rae thyl-2 , 7- 

diazaspiro(4.4]nonane-l,3,8-trione in 20 ml N,N- 
dimethylformamide was added gradually under a 
nitrogen atmosphere to 0.050 q (10.4 mmol) o£ 50% 
oil suspension of sodium hydride which had been 

35 previously washed twice with toluene and covered with 
10 ml N, N-dime thy 1 f ormamide . After stirrino one hour 
228 6 
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thare was added 1.40 g (11 «mol) of -benzyl chloride 
and stirring was continued overnight at room 
temperature. After concentrating to a small volume 
in vacuo, the residue' was diluted with 40 ml water 
5 and extracted twice with d ichlorome thane . The com- 
■- bined organic phase was washed with water, dried 
over magnesium sulfate, and evaporated to give a 
solid. Crystallization from toluene xhexane to affore 
1.74 g_ of the title compound, mp 157-1 58*C. 
10 Analysis calculated for C15H16N2O3* 
C, 66.16; H, 5.92; N, 10.27. 
Pounds C. 66.45; H, 5.79; N, 10.09. 

EXAMPLE HH 

2-Behzvl-7-methvl-'3 f 7-dlazaspir o \A . 4 1 nonane Dihydrcr, 
chloride 



15 



20 



25 



30 



A solution of 1.36 g (5.0 ramol) 7-benzyl-2- 
methyl-2,7-diazaspiro|4.4]nonane-l,3,8-trione in 50 ml 
tetrahydrofuran was added dropwise to a suspension of 
0.95 g (25 mrool) lithium aluminum hydride in 30 ml 
tetrahydrofuran. The mixture was stirred overnight 
at room temperature, refluxed one hour, cooled, and 
treated dropwise with 0.95 ml water; 0.95 ml 15% 
sodium hydroxide solution and 2.8 mf water. After 
removal of the inorganic solids by filtration, the 
filtrate was concentrated in vacuo to give a syrup 
which was dissolved in isopropanol and treated with 
excess 6N hydrogen chloride in isopropanol. 
Crystallization afforded 0.97 g of the title compound, 
rop 233-234°C. 

Analysis calculated for CisH24 N 2 cl 2 : 

C, 59.40; H, 7.98; N, 9.24; CI, 23.38. 
Found; C, 59.37; H, 7.98; N, 9.03; CI, 23.09. 
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EXAMPLE II 

2-Methyl-2,7-dlagaspiro|4.41nonane Dl hydrochloride 
:v-.^ A solution of 7-btn2yl-2-n«thylT7 # 7-dia2a8piro-^;^ 

l4.4)nonane dihydrochloride in ISO ml of methanol 
5 with 1.0 g 20% palladium on carbon catalyst was 
hydrogens ted at 4.5 x 10 5 Pa for two days. After 
filtration, the filtrate was concentrated to a thick 
syrup which crystallized on addition of acetonitrile 
to give 11.50 g of the title compound, softened at 
10 164*C and melted at 168-170*C. 

Analysis calculated for CgHi8N2Cl2* 

C, 45.08; H, 8.51; N, 13.15; CI, 33.27; 
Founds C, 45.24; H, 8.77; N, 13.18; CI, 33.26. 

EXAMPLE JJ 

15 2-Ethyl-2 , 7-diazaspiro [ 4 . 41 nonane-1 , 3 . 8-tr ione 
A suspension of 24.33 g (0.100 mmole) 3- 
ethoxycarbonyl-5-oxo-3-pyrrolidineacetic acid ethyl 
ester in an excess of 2 N sodium hydroxide, was 
stirred three hours at room temperature, acidified 

20 with dilute hydrochloric acid, and evaporated to 
dryness in vacuo. The product, 3-carboxy-5-oxo-3- 
pyrrolidineacetic acid, was taken up in isopropyl 
alcohol, separated from insoluble sodium chloride 
by filtration, concentrated to a syrup and dissolved 

25 in 100 ml 70% ethylamine. The solution was gradually 
heated in an oil bath up to 230 # C allowing volates 
to distill and then maintained at 230-240°C for ten 
minutes. After cooling, the product was crystallized 
from isopropyl alcohol to afford 10.12 g of the title 

30 compound, mp 168-169°C. 

Analysis calculated for C9Hi2 N 203 : 

C, 55.09; H, 6.17; N, 14.28; 
Found: C7 55.03; H, 5.84; N # 14:01. 

EXAMPLE KK 

3 5 2-Ethyl-7-benzyl-2-7-diazaspicol 4 * 4] nonane-1 , 3, 8- 
tr ione 



A suspension of sodium hydride (2.20 g of 60% 
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oil suspension (0.055 mol«) washed with toluene) in 
50 ml N,N-dimethylformamide was treated gradually 
with a solution of 10.0 g (0.051 mole) 2-e thy 1-2,7- 
diazaspirol4.4]nonane-l,3,8-trione in 100 ml N,N- 
5 dimethylformaraide. After stirring 15 minutes, there 
was added dropwise 6.4 ml (0.055 mole) benzyl chloride 
and the mixture was stirred overnight, concentrated 
in vacuo and shaken with water-methylene chloride. 
The organic layer was dried, evaporated, and the 
10 product crystallized from toluene-hexane to afford 
11.11 g of the title compound, mp 125-126. 5°C. 
Analysis calculated for Ci6 H 18 N 2°3 s 
C, 67.11> H, 6.34; H, 9.79. 
Pound: C, 67.41; H, 6.33; N, 9.79. 
15 EXAMPLE LL 

2-Benzyl-7-ethyl-2 . 7-diazasplro(4 .41 nonane 
Dihydrochloride 

A solution of 11.00 g (0.0385 mole) 2-ethyl- 
7-benzyl-2 , 7-d iazaspiro (4 . 4 ] nonane-1 , 3 , 8-trione in 
20 100 ml tetrahydrofuran was added dropwise to a 

suspension^ of 6.00 g (0.158 mole) lithium aluminium 
hydride in 250 ml tetrahydrofuran. After stirring 
overnight, the mixture was refluxed one hour, cooled, 
and treated dropwise with 6 ml water, 6 ml 15% sodium 
25 hydroxide, and 18 ml water. Inorganic solids were 
separated by filtration and the filtrate was concen- 
trated, taken up in ether, dried with magnesium 
sulfate, and reevaporated . The resulting syrup was 
dissolved in isopropyl alcohol and treated with excess 
30; fcy&rvgfn chloride in isopropyl alcohol to afford 9.63 
* g of the title compound, mp 196-198»C (dec). 
.W AnaJfceHs calculated for C A *H 2 6 N 2Cl2 : 

■*3 



C. 60.56; H , 8.«; l». 8.83; CI, 22.35 
vFoundi C, 60.51; H, 8.08; t», 8.69; CI, 22.26 
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EXAMPLE MM 

2-Ethvl-2,7-diazaspirot4.4)nonane Dihydrochlorlde 

A solution of 9.50 g (0.030 -mole) 2-benzyl-7- 
ethyl-2,7-diazaspirol4.41nonane dihydrochloride In 
5 100 ml methanol was hydrogenated with 1.0 g 20% 
palladium on carbon catalyst at 4.5 x"10 5 Pa for 
22 hours. After filtration, the solution Was 
concentrated to a syrup and crystallized from 
acetonitrile to afford 6.66 g of the title compound, 
10 mp 168-172°C. 

Analysis calculated for C9H20N2CI2: 

C, 47.58; H, 8.86; N, 12.33; CI, 31.21. 
Found: C, 47.70; H, 8.58; N, 12.39; CI, 30.92. 

EXAMPLE NN 

15 l-Cyclopropyl-6, 7,8-trif luoro-1, 4-dihydro- 4-oxo-3- 
quinolinecarboxylic Acid 

2, 3, 4,5-Tetraf luoto- 6-oxo-benzenepropanoic Acid, 
Ethyl Ester 

' To 30.0 g (155 ramol) of 2 , 3 , 4 , 5-tetraf luoro- 
20 benzoic acid- in 75 ml of dichlororoe thane, _ was added . 
14.8 ml (1.1 equivalents) of oxalyl chloride. The 
mixture was then treated with three drops of dry 
N,N-dimethylformamide and the vigorous reaction was 
stirred at room temperature overnight. The mixture 
25 was then concentrated to an oil, taken up in 

toluene, and reconcentrated to afford 2 , 3 , 4 , 5-te tra- 
f luorobenzoyl chloride which was used in the next 
step. 

To 40.92 g (310 mrool) of malonic acid half 
ethyl ester in 700 ral of dry te trahydrof uran at -35°c 

«db dJutru a sLicaui O* it " iAi t/ 1 1 1 t h i. until One 

equivalent was delivered. The mixture was maintained 
at -15 to -30° during the addition, then warded to 
-5 # C treated with 10 mo of bipyridyl. The remainder 
of the n-butyllithium was added at tr.is temperature 
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""'^Lth 0 indicator turned pink. A total of 282 ml 
of 2.2 N n-butyl lithium was added. The mixture was 
recooled to -78«C and a solution of 2,3,4, 5-tetra- 
fluorobenzoyl chloride in 100 ml of dry tetrahydro- f 
5 furan was added keeping the temperature constant. The 
reaction mixture was stirred for 45 minutes after the 
acid chloride addition. It was warmed to -35 # C and 
poured into 155 ml of 2 N hydrochloric acid. To this 
mixture was added one liter of water and 1.5 liters of 

10 dichloromethane. The aqueous phase was separated and 
extracted with an additional 1.5 liters of 
dichloromethane. The combined organic phases were 
washed with sodium bicarbonate and then 1 N 
hydrochloric acid. The dichloromethane was dried 

15 (magnesium sulfate) and concentrated to a solid which 
was triturated with cold pentane to give 37.8 g of 
2,3,4, 5-tetraf luoro0-oxo-benzenepropanoic acid , 
ethyl ester, mp 63-65°C. 

l-CvcloproDvl-6 , 7 , 8-trlf luoro-1 , 4-d ihydro-4-oxo-3- 
20 qulnolinecarboxvlic Acid 

To 17.6 g (66.6 mmol) of the '^Tr^,*5'-tetraf luoro-'' 
fl-oxo-benzenepropanoic acid was added 14.6 g 
(- 1.5 equivalents) of triethylorthoformate and 
16.19 g (2.38 equivalents) of acetic anhydride. The 
5 mixture was refluxed for two hours at 120° (and was 
then cooled to 80°C and concentrated in vacuo. The 
mixture was diluted with t-butanol, cooled to 10°C, 
and 3.8 g,(1.05 equivalents) of eye lop ropy 1 amine in 
120 ml of t-butanol was added. The mixture was 
0 stirred at 20°C for 30 minutes and then warmed to 50°C 
overnight. At this temperature 7.5 g of potassium 
t-butoxide was added in 50 ml of t-bufcanol and the. 
mixture was stirred for four hours. It was filtered 
and r.he solids dissolved in 250 ml of hot acetic acid 
2291 
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and 200 ml of 3N hydrochloric acid was added in 
portions over four hours at 100*c. The mixture was 
cooled and the solids collected to give IS. 44 g (62%) 
of the l-cyclopropyi-6,7, 8-trif iuoro-1 , 4-dihydro-4- 
oxo-3-quinolinecarboxylic acid, mp 226-228°C. 

EXAMPLE 00 - 
1 , 1-Dimethylethvl (3-Pyrrolidinyl )carbamate 

1 , 1-Dimethvlethvl II- ( Phenvlmethvl ) -3-pyr.rol idinvl ) - 
carbamate 

A solution of 77.0 g (0.44 mole) of 3-amino-l- 
(phenylmethyl)pyrrolidine IJ. Med. Chem . , 24, 1229 
(1981)], 440 ml (0.44 mole) 1.0 N sodium hydroxide and 
600 ml of tertiary butyl alcohol was treated dropwise 
with 98.2 g (0.45 mole) of di-tertiarybutyl 
dicarbomate. The reaction was stirred at room 
temperature for 18 hours and the solvent removed in 
vacuo. The residue was partitioned between ether and 
water. The aqueous layer was reextracted with ether, 
the combined ether layers were washed with water, 
dried (MgSC>4), filtered and evaporated on a steam 
bath repiacing^the ether with petroleum ^ther . The 
crystals which formed were removed by filtration, 
washed with ether/petroleum ether (1:1), and dried in 
vacuo to give 84.8 g of 1 , 1-diraethylethyl (l-(phenyl- 
methyl)-3-pyrrolidinyl)carbaraate, mp 114-115°. A 
second crop (16.7 g) was obtained by concentrating the 
filtrate. 

1, 1-Dime thy 1 ethyl (3 -Pyrrol id inyl ) carbamate 

A mixture of 27.6 g (0.1 mole) of 1, 1-dimethyl- 
ethyl ll-(phenylmethyl )-3-pyrrolidinyl ] carbamate, 1.0 g 
of 201 Palladium on carbon and 140 ml of methanol was 
shaken in an atmosphere of hydrogen at about SO psi 
and room temperature for 24 hours. The catalyst was 
removed by filtering through Celite, and the filtrate 

22s:> 85211721 



0153163 

CYP-l -l^- 
was concentrated in vacuo to give 18.4 g of 
1,1-dimethylethyl (3-pyrrol id inyl) carbamate which 

sol i&£t£e& upon standing. 

EXAMPLE PP 

5 4-16-(Cvclopropylamlno)-3-n itro-2-PYridinvli- 
1-piperazinecarboxvlic acid, ethyl ester 

A solution of 126.0 g (0.4 mole) of 4-(6-chloro- 
3-nitro-2-pyridinyl)-l-piperazinecarboxylic acid, 
ethyl ester (prepared as described in European Patent 

10 Publication No. 9425), 76.1 g (0.5 mole) of 1,8- 

diazabicyclol5.4.0]undec-7-ene ( DBU ) , 28.6 g (0.5 mole) 
of eye lopropyl amine and 500 ml of absolute ethanol was 
stirred at room temperature for 48 hours. The 
solution was then heated at reflux for four hours and 

15 concentrated in vacuo. The residue was partitioned 
between chloroform and water. The chloroform layer 
was dried over magnesium sulfate and concentrated in 
vacuo. The residue was triturated with ether to give 
64.0 g of the title compound, mp 100-103°C. 

20 4-r6"-( Acetvicvc ' " 

1-piperazinecarboxylic acid, e thvl ester 

A solution of 64.0 g (0.19 mole) of 4-l6-(cyclo- 
propylamino)-3-nitro-2-pyridinylJ-l-piperazine- 

carboxylic acid, ethyl ester, 115 ml of acetic 
25 anhydride and 115 ml of acetic acid was heated on a 

steam bath for 36 hours. The solvents were removed in 
vacuo, the residue was triturated with a mixture of 
ethanol and toluene which was also evaporated in vacuo 
to give 68.3 g of the i».J«.> compound, mp 90-9 > e . . 

3 n 4-»A-( Aroryl ryrlnnrntwl » mi rir»>- i-*mi nn-2 -nyr)(i ^ '.. - — 
piperaz inecarboxy 1 ic a cio, e thy] ester 

A mixture o£ 17. u • .4'. mmole) of 4- I 6- < aci • ■ 
cycloprotjylamino". - i-n . •> i o r>yr ldinyl-l-pi^ JtJ-' 1 
carboxyl:*: acid, etf.-, 1-5 g oi Kancy m.-. i 
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and 180 mi of absolute ethanol was shaken in a 
atmosphere of hydrogen at about 50 psi and room 
temperature for approximately 24 hours. The catalyst 
— was remOV^a^b^f iltering through CeiiWand the ^ r 
solvent removed in vacuo to give 15.2 g of the title 
compound, mp 149-150°C. 

2-H-(Ethoxycarbonyl)-l-pipera2lnyl) es- 
cape ty Icy clopropylamlno)-3-pyr id inedlazonium 
tetraf iuoroborate 

A solution of 20.8 g (60 mmole) of 4-(6-acetyl- 
cyclopropylamino)-3-amino-2-pyridinyll -1-piperazine- 
carboxylic acid, ethyl ester, 44 ml of ethanol and 
27 ml of 48% tetraf luoroboric acid was cooled to 0°C 
and treated dropwise with a solution of 4.56 g (66 
mmol) of sodium nitrite in 8 ml of water under a 
nitrogen atmosphere keeping the temperature o-5°C. 
After the addition was complete, the reaction was 
stirred at 0-5°C for one hour and treated with 150 rcl 
of anhydrous ether keeping the temperature below 10°C. 
The Solid was removed by filtration, the precipitate 
- was washed with ethanol/ether (1: 1 )t ether -and dried 
in vacuo to give 24.5 g of the title compound, mp 
100-105«C (dec). 

4- I6-(Acetvlcyclopropylamino)-3-f luoro-2-pyridinyl ) * 

1- piperazinecarboxyl ic acid r ethyl ester 

To 800 ml of refluxing toluene was added in 
portions, as a solid, 46.2 g (0.1 mole) of 

2- l4-(ethoxycarbonyl )-l-piperaz iny 1 ] -b-{ acetyl - 
eye lopropyl amino )-3-pyr idinediazoni am tetra f Iuoro- 
borate. After the addition was complete, the reaction 
was refluxed for ten minutes and the toluene was 
decanted from the insoluble precipitate* The toluene 
was evaporated in vacuo and the residue was partition- 
ed between chloroform and water. The chloroform, layer 
was washed with 5% aqueocs sod:>rn oic^roonate, ware:, 
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dried over magnesium sulfate and evaporated in vacuo 
to give 13*7 g of the title compound, as a viscous 
oil. An additional 10.2 * could be obtained by 
partitioning the original toluene^VrffrS'iuble material 
5 in chloroform and water* The organic layer was washed 
with 51 aqueous sodium bicarbonate, dried over 
magnesium sulfate, evaporated in vacuo and the residue 
was chroma tog raphed on silica gel eluting with 
chloroform/ethyl acetate (6:4). This fraction was 
10 also a viscous oil which did ''-hbt""'' crystallize upon 

standing. Both fractions were of sufficient purity to 
be used as is in the ensuing steps. 

4-I6-(Cyclopropylamino)-3-f luoro-2-pyr idinyl } -1- 
piperazinecarboxyl ic acid, ethyl ester 

15 A solution of 21.9 g (63 mmole) of 4- [6-(acetyl- 

cyclopropylamino)-3-f luoro-2-pyridinyl 1 -1-piperazine- 
carboxylic acid, ethyl ester, 170 ml of 15% 
hydrochloric acid and 235 ml of methanol was refluxed 
for one hour and allowed to stir at room temperature 

20 for 18 hours. The methanol was removed in vacuo and 
„ - the -aqueous acid -was made basic wi-th 1.0 N sodium 

hydroxide to pH 10.5. The mixture was extracted with 
chloroform, the chloroform layer washed with water, 
dried over magnesium sulfate, and evaporated in vacuo 

25 to give 17.6 g of the title compound, mp 68-70°C. 

l-Cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo-7-( 1- 
piperaz inyl )-l , 8-naphthyr idine-3-carboxy 1 ic acid 

Route A 

1-lCyclopropyl (6-1 4-(ethoxycarbonyl )-l-piperazinyl] - 
30 5-f luoro-2-pyr id inyl ) amino]methylene]propanedioic 
acid, diethyl ester 

A solution of 3.8 g (12.3 mmole) of 4- 1 6- ( eye lo- 
propylamino)-3-f luoro-2-pyr idi n/1 ] -1 -pipor az ine- 
carbcxylic acid, ethyl ester, i.l q (12.3 tjt.cIc; of 
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diethyl (ethoxyraethylene)malonate and 50 mi of xylene 
«a« re fluxed for 24 hours. The solvent was removed in 
vacuo and the. reiidue was chroma tographed over silica v 
gel eluting with chloroform/ethyl acetate (80/20) to 
5 give 2.3 g of the title compound as a viscous oil 
which was used without further purification. 

Ethyl 1-Cvc l opropvl- 6-f luoro-1 . 4-d i hyd ro- 4 -oxo- 
7- ( 4 - ( e thoxy ca rbony 1 )-l-p lperaz i ny 1 ) -1 , 8- 
naphthvrldlne-3-carboxvlate 

10 A solution of 2.3 g (4.8 mraole) of [ [cyclo- 

propyl[6-I4-(ethoxycarbonyl)-l-piperazinyl]-5- 
flaoro-2-pyridinyl] amino] methylene] propanediol 
acid, diethyl ester, in 15 ml of acetic anhydride Was 
treated dropwise with 5 ml of 98% sulfuric acid 

15 keeping the temperature 55-60°C. When the addition 
was complete, the reaction was stirred for one hour 
and poured onto 50 g of ice. The aqueous suspension 
was extracted with chloroform, the chloroform" layer 
washed with water, dried over magnesium sulfate, 

20 _ f . iltered » and evaporated in. vacuo. The residue was 

triturated with several portions of ethanol/toluene 
which were also removed in vacuo to give 0.4 g of the 
title compound, mp 184-186°C. An additional 0.5 g of 
product could be obtained by concentrating the 

25 original aqueous fraction, mp 184-186»C. 

l-Cyclopropyl- 6-fluoro-l,4-dihydro-4-oxo-7- 
(1-piperazin yl )-l. 8-naphthvr idine-3-carboxyl ic acid 

A suspension of 0.7 g (1.6 mmole) of ethyl 
l-cyclopropyl-6-f luoro-1, 4-dihydro-4-oxo-7- (4- 
30 (ethoxycarboriyl)-l-piperazinyl J -1 , B-naphthyridine- 
S-carboxylate , 6 ml of 10% aqueous sodium hydroxide 
and 2 ml of ethanol was refluxed for three hours. The 
reaction was filtered through a fiber glass pad to 

2396 85211721 



CYF-1 



-120- 



0153163 



clarify, and acidified to pH 1.5 with ^6 .0 M hydro- 
chloric acid and lyophiliied. The residue was 
dissolved in 10 al of ammonium hydroxide and the 
solution concentrated in vacuo. The 'precipitate which 
5 formed was removed by filtration, washed with aqueous 
ethanol, ether and dried in vacuo to give 0.04 g, mp 
274-276 # C. 

Route B 

4- [6- tCyclopropyl ( 2 . 2-dimethvT-4 , 6^3 ioxo-i . 3-d ioxan- 
10 5-ylidine)amino)-3-fluoro-2-pvridinyl)-l-Pipera2ine - 

carboxylic acid, ethyl ester . 

A solution of 17.6 g (57 nunole) of 4-l6-(cyclo- 
propylamino)-3-f luoro-2-pyridinyl J -1-piperazine- 
carboxylic acid, ethyl ester, 11.6 g (63 nunole) of 
15 5-(methoxymethylene)-2,2-dimethyl-l,3-dioxane-4,6-dione 
and 250 ml of methanol was stirred at room temperature 
for four hours. The solid was removed by filtration, 
washed with methanol^ether and dried in vacuo to give 
17.6 g of the title compound, mp 177-178°C. 

20 l-Cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo-7- 14- 

(ethoxycarbonyl )-l-piperaz iny 1 ] -3-carboxyl ic acid . 

A solution of 17,0 g (37,0 raraole) of 
4-I6-(cyclopropyl (2, 2-dimethyl-4,6-dioxo-l, 3- 
dioxan-5-ylidcne)aminoJ -3-f luoro-2-pyridinyl 1 -1- 

25 piperazinecarboxylic acid, ethyl ester in 125 ml of 
acetic anhydride was treated dropwise with 35 ml of 
98% sulfuric acid keeping the temperature 50-60°C. 
When the addition was complete, the reaction was 
stirred for two hours and poured onto 600 c of ice. 
•J The mixture was stirred was stirred for one hour arH 
the resulting precipitate was remove.^ by f lltrat: 
washed with water and dried in vacuo to give 10.2 ; o: 
the title compound, mp ' J77-?"S°C . 
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l-Cyclopropyl-6»f luoro-l y 4-dlhvdro-4-oxo^ J 7- 
(l-plperazlnyl)-l,8-naphthyridine-3-carboxYllc acid 

A solution of 10.2 <g (2S mmole) of 1-cyclopropyl- 
6-fluoro-l r 4-dihydro-4-oxo-7-t4-(cthoxycarbonyl)-l- 
5 piperazinyl] -l,8-naphthyridine-3-carboxylic acid, 
,,..100 ml of 10% aqueous sodium hydroxide and 40 ml of , 
ethanol was refluxed for three hours. The solution 
was concentrated to 125 ml and acidified to pH 7.3 
with glacial, acetic acid. The resulting precipitate , 
10 was removed by filtration, washed with 50% aqueous 

ethanol, ether and dried in vacuo to give 7.2 g of the 
title compound, mp 274-276°. 

l-Cyclopropyl-6-f luoro-1 , 4-dihydro-7-hYdroxy-4-ox 
1, 8-naphthyridine-3-carboxylic acid 
15 To a solution of 2 ml of 70% nitric acid in 

10 ml of 98% sulfuric acid was added in portions 
l.Og (3.0 mmole) of l-cyclopropyl-6-f luoro-1 , 4- 
dihydro-4-oxo-7-(i-piperazinyl)-l,8-naphthyridine-3- 

carboxylic acid, keeping the temperature between 
20 2S-30 # C. The resulting solution was stirred at 

room temperature for 18 hours and poured onto 40 g 
of ice. The mixture was stirred at room temperature 
for 24 hours, concentrated in vacuo, the pH adjusted 
to 12 with aqueous sodium hydroxide, and filtered 
25 through a fiber glass pad. The filtrate was 

acidified to pH 3.5 with 6.0 M hydrochloric acid, 
the resulting precipitate removed by filtration, 
washed witn water then ether -and dried in vacuo to 
give 0.23 g of the title compound, mp 325-327°C, 

' j 7-Cn loro-l-cyclopropyl- 6- f luoro-1 . 4-dihydro-4-ox -v 
1 , 8-naphthyr idine- 3 -car boxy 1 ic acid 

A suspension of 0.19 g (0.72 mmole) of 
1 -cyclopropyl- 6- f luoro-1 , 4-dihydro-7-hydroxy-4-cxo- 
1, *-naphthyr i»iine- 3-carboxy 1 ic acid in 2 ml of 
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phosphorus oxychloride was heated at reflux for 
1/2 hour. The resulting solution was cooled to 
. room temperature and the solvent was removed: in . V ; 
vacuo. The residue was triturated with ice-water 
5 and the resulting solid was removed by filtration, 
washed with water, then ether and dried in vacuo 
to give 0.11 g of the title compound, mp 209-212 # C. 

EXAMPLE QQ 

(S)-N-Ethyl-3-pyrrolidinemethanamine dihydrochlorlde 

10 [3R-(R*,R»)1 and I3S-( R* ,S* ) ] -5K)xo-l-t 1-phenylethyl )- 
3-pyrrolidinecarboxylic Acid 

A mixture of 13.10 g (0.1 mole) itaconic acid 
and 12.12 g (0.1 mole) R(+ J-o-methylbenzylamine in 
100 ml xylene was refluxed overnight, cooled to room 

15 temperature, and filtered to afford M.76 g (63%) 

colorless crystals of the title compound as a mixture 
of diastereomers; laJ D ♦ 113. 6°C (C, 1.16, ethanol). 
Anal* calcd. for C13H15NO3 

C, 66.93; H, 6.48; N, 6.00 

20 Found: C, 67.30; H, 6.24; N, 5.92 

13R-(R+,R*)) and [3S-(R*,S« ) ) -methyl-5-oxo-l-( 1-phenyl- 
ethyl )-3-pyrrolidinecarboxylate 

A solution of 126.6 g (0.543 mole) 13R-(R # ,R* ) J- 
and 13S-(R*,S # ) I -5-oxo-l- ( 1-phenyle thyl ) -3-pyrroli- 
25 dine-carboxylic acid and 0.50 g p-toluenesulf onic acid 
in 1300 ml methanol was refluxed overnight. The 
solvent was evaporated and the residue taken up in 
dichlororoe thane, washed with 3 x 300 ml IN NaOH 
solution, dried (MgS04) and evaporated to afford 
30 131.7 g of a mixture of diastereomer ic esters . 

Chromatography on a column of silica gel with ethyl 
acetatc-pentane 0:2) afforded 74.9 g (56%) of 
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I3ft-(R* # R # ) J-me thyl 5-oxo-l- ( 1 -phenyl* thyl )-3-pyrro- 
lidinecarboxylate as a liquid, Iain ♦ 84. 1* (C, 1.06 
methanol). 

Anal, calcd. for C14H17NO3 

C, 68.00; H, 6.93; N, 5.66 
Found: C, 67.74; H, 7.27; N 5.48 

Evaporation of later fractions afforded 38.3 g. 
(29%) of l3S-(R* r S*) J-methyl 5-oxo-l-(l~phenylethyl )- 
3-pyrrolidinecarboxylic acid as colorless crystals, 
mp 6 9-7 I • C # Vi f a ] d V 1 1 6 . 2 • C (C, 1.03, methanol). 
Anal, calcd. for C14H17NO3 
Found: C, 68.00; H, 6.93; N, 5.66 

C r 66.69; H, 6.94; N, 5.34 



IX' 



I3R-(R«,R* ) ]-l-(l-Phenylethyl ) -3-pyrrolidinemethanol 

15 A solution of 10.0 g (40.5 raraol) [3R-(R*, R*)]- 

methyl 5-oxo-l-(-l-phenylethyl )-3-pyrrolidinecarboxy- 
late in 75 ml dry tetrahydrof uran was added dropwise 
to a mixture of 6.50 g (171 nunol) lithium aluminum 
hydride in 100 ml tetrahydrof uran. The mixture was 

20 refluxed overnight, diluted with 50 ml tetrahydro- 
f uran and treated dropwise with 6.5 ml water, 6.5 ml 
15% sodium hydroxide and 19.5 ml water.:; Solids were 
removed by filtration and the filtrate was evaporated 
to a syrup which was dissolved in dichlorome thane, 

25 dried (MgS04), and reevaporated to give 8.06 g of 
crude crystalline product. Recrystallization from 
hexane afforded 7.25 g (87%) of the title compound, 
mp 86-88°C IoId ♦ 51.3°C (C, 1.06, methanol). 
Anal, calcd. for C13H19NO 

30 Found: C, 76.06; H, 9.33; N, 6.82 
C, 76.38; H, 9.63; N, 7.05 



35 



( 3R- ( R* , R* ) ]-3-Chloromethyl-l-(l-phe~nylethyl )- 
pyrrolidine 

A solution of 0.50 9 (2.44 mmol ) 1 3R- ( H* , R # ) 1 - 
1- ( 1 -pheny lethy 1 ) - 3-pyr ro 1 id i r.eme thanol in 5 ml 

2 3 0 0 
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l;2-dic.*VToroe thane was treated with 2 ml thlonyl 
chloride, refluxed two hours, evaporated, and 
crystallized by trituration with ether to afford 
0.64 q (100%) of the title compound as the hydro- 
chloride, mp 140-146 # C, tolo ♦ 27.8SC (C, 1.07, 
methanol). 

Anal, calcd. for C13H19CI2N 

C, 60.00; H, 7.36; N, 5.38; CI, 27.25 
Found: C# 59*75; H, 7.09; N, >. 25l , ?!6l * 94 



1 3S-( R+ ,S« ) 1 -N-Ethyl-l-( 1-phenylethyl ) -3- 

10 pyr rol id i neme tha nam 1 ne 

A solution of 4.0 g (15.4 mmol) I3R - (R*,R*))- 
3- ( chlorome thyl ) - 1- { 1-pheny 1 e thy 1 ) pyr rol id ine in 
60 ml 70% ethylamine was heated in a pressure bottle 
on the steam bath overnight. The mixture was cooled, 

15 filtered, and evaporated to a thick syrup which was 
treated with 50 rol 2N sodium hydroxide and extracted 
with 3 x 30 ml dichlorome thane. The combined organic 
layer was dried (MgS04) and evaporated to afford 
3.49 g (98%) of the title compound as a syrup, IqJd 

20 + 45.6°C (C, 1.04, methanol) . 
Anal, calcd. for C15H24N2 

C, 77.53; H, 10.41; N, 12.06 
Found: C, 77.14; H, 10.23; N, 11.91 



25 



30 



(S)-N-Ethyl-3-pyrrolidinemethanmine Pi hydrochloride 
A solution of 5.97 g (25.7 mmol) (3S-( R* ,S* ) ] - 
N-ethyl-l-( 1-phenyle thyi ) -3-pyrrol idinemethanamine in 
100 ml methanol with t.o 20* Pd/C catalyst wa*:> 
hydrogenated at 50 ps , ui '2 - hoirrs. More ca*..\ 
(0.6 g) was added ano tut reaction continues an 
additional 23 hours. r.rt^r tutration and cv^d-ji. • 
tion of solvent the p-o ::t was distilled t:. cftv:^ 
2.05 g (62%) of the titic j?D;;oand as the free 
base, Gp 74°C <c mr. r< : a ,,,..;pl.? (0.2S g) ■ o 

#» . ■ i 1 mi 6 N hy,;r 
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chloride in 2-propanol to afford 0.29 .g. of the amine 
dihydrochloride after two crystallizations from 
• thanol, mp 184.5-185. 5«C, [o] D ♦ 5.4»C (C, 0.85, 
0.1N NaOH). ~ ; ...*«^vr 

5 EXAMPLE RR 

N,N-Dlmethyl-3-pvr rolldinemethanaroine 

H t W-Dimethyl»5-ox o-l- (phenyls thv^)-3^pvrrol id ine- 
carboxamide 

A mixture of 15.0 : g (64.3 annoi) of me thy 1-5- 
10 oxo-l-(phenylmethyl pyrrolidine carboxylate 

I J. Org. Chem., 26, 1519 (1961) J and 100 ml of 
■ethyl alcohol was cooled to 0°C for 0.5 hours. 
To this solution excess N,N-dimethylamine (approxi- 
mately 50 g, l.ll mole) was added. The reaction was 
15 stirred overnight and brought to room temperature. 
The mixture was concentrated under reduced pressure 
and chroma tographed over silica using chloroform, 
hexane, 2-propanol (6:3:1) giving 4.91 g (31%) of" 
N,N-diiaethyl-5-oxo-l-(phenylmethyl)-3-pyrrolidine- 
20 carboxamide as a clear yellow oil. This material was 
used in the. next step. . 



w >N-Dimethv l-l-(phenylmethvl )-3-pyrrolidinemethanamine 

A solution of 2.91 g (11.8 ramol) N,N-dimethyl- 
5-oxo-l-(phenylmethyl)-3-pyrrolidinecarboxamide and 
25 15 ml anhydrous tetrahydrof uran was dropped into a 
suspension of 1.41 g (35 ramol, lithium aluminum 
hydride and 30 ml tetrahydrof uran. , The reaction 
was refluxed overnight then cooled to room temperature, 
To the solution was added 1.5 ml water, 1.5 ml 15% 
sodium hydroxide and 4.5 ml of water. The resulting 
precipitate was filtered. The filtrate wis concen- 
tiated under reduced pressure, dissolved in dichlro- 
meiaane, dried over magnesium sulfate and the solvent 
e » unrated under reduced pres*.:re. The residue was 
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bulb to bulb distilled giving 1.5 g (58%) of 
N # N-dimethyl-l-(phenylmethyl)-3-pyrrolidinemethanamine 
r-^r*p*s a clear liquid. This material was used in the n«fc, 
step. 

5 N y N-Dlmethyl-3-pyrrolldinemethanamlne 

A mixture of 1.25 g (5.72 mmol) of N,N-dimethyl- 
l-(phenylroethyl)-3-pyrrolidinemethanamine, 100 ml 
of methyl alcohol, 0.2 g of 20% palladium on carbon 
and hydrogen were shaken at a pressure of 55.1 psi. 

10 After 16.8 hours the catalyst was filtered and the 
filtrate evaporated under reduced pressure. The 
residue was bulb to bulb distilled yielding 0.71 g 
(97%) N,N-dimethyl-3-pyrrolidinemethanamine as a clear 
yellow oil. 

15 EXAMPLE SS 

N y N-Diethyl-3-pyrrolidinemethanamine 

N,N-DiethYl-l-(phenylmethyl )-3-pyrrolidinemethanamine 

To a solution of 32.9 g (0.15 mole) 5-oxo-l- 
(phenylmethyJJ-3-pyrr^ acid (J. Org. 

20 Chem., ^6, 1519 (1961)] and 300 ml of dichloromethane 
was added 15.2 g (0.15 mole) of N-me thylmorpholine . 
After 15 minutes the solution was cooled to -25°C and 
16.3 g (0.15 mole) of ethyl chlorof orraate was added. 
After an additional ten minutes, a solution of 13.5 g 

25 (0.18 mole) of diethyl amine and 18 ml dichloromethane 
was added to the reaction. Carbon dioxide was evolved 
and after 1.5 h another 10 g (0.13 mole) of 
diethylamine in 10 ml of dichloromethane was added. 
The reaction was stirred four hours, washed with IN 

30 sodium hydroxide, dried over magnesium sulfate, and 
concentrated under reduced pressured The residue was 
added to a suspension of 17.4 g (0.46 mole) of lithium 
aluminum hydride and 210 ml anhydrous tetrahydrof uran. 
The reaction was refluxed overnight then cooled to 
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room temperature. The cooled solution was quenched 
with 17.4 ml water, 17.4 ml 15% sodium hydroxide, and 
52.2 ml water. ^The resulting precipitate was filtered . , . 
and washed with ethyl alcohol. The filtrate was 
S concentrated under reduced pressure, taken up in 
dichlorome thane, dried over magnesium sulfate. The 
solvent was removed under vacuum giving 25.8 g 
(69%) of N f N-diethyl-l-(phenylmethyl)-3-pyrrolidine- 
methanamine.asa yellow oil. This material was used 
10 in the next step without purification. 

N,N-Dicthyl-3-pyrrolldinemethanamine 

A mixture of 25,4 g (0.10 mole) of N,N-diethyl- 
l-(phenylmethyl)-3-pyrrolidinemethanaroine, 200 ml 
of methyl alcohol, 2 g of palladium on carbon and 

15 hydrogen were shaken at a pressure of 51.5 psi. 

After 20.3 hours, the catalyst was filtered and the 
filtrate concentrated under reduced pressure. The 
residue was bulb to bulb distilled giving 15.9 g of 
N,N-diethyl-3-pyrrolidinemethanamine. 

20 _ EXAMPLE TT 

3-( Ethylami no) pyrrolidine 

To 12.7 g (72 mmol) of the 3-amino-l-(phenyl- 
methyl pyrrolidine in 25 ml of acetic acid was added 
75 ml of acetic anhydride and the mixture refluxed 

25 for four hours. The reaction was concentrated, taken 
into water, and extracted with ether at pH 11. The 
ether was dried (magnesium sulfate) and concentrated 
to give 10.93 g of an oil. This material was taken 
directly into dry tetrahydrof uran and added dropwise 

30 to 7.0 g {184 mmol) of lithium aluminum hydride in 
75 ml of tetrahydrof uran at 10 # C. The mixture was 
refluxed for 10 hour*, cooled to room temperature, 
and the treated sequentially with 7.0 ml of water, 
7.0 ml of 15% sodium nydroxide, and 21.0 ml of water. 

35 The mixture was filtered, concentrated, taken up in 
d ichlorome thane* dried (magnesium sulfate), 
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concentrated, and distilled in vacuo to give 8.30 g 
o£ 3-(ethylamino)-l-(phenylmethyl) pyrrolidine. 
This product was treated with 1.0 g of 20% palladium 
on charcoal in 100 ml of methanol and hydrogenated at: h^:^ 
5 51.4 psi. After 24 hours, the mixture was filtered, 
concentrated, and distilled to give 2.1 g of 3- 
( e t hy 1 am i no ) py r r o 1 i d i ne . 

EXAMPLE UU 

2-[ (t-Butoxycarbonylamino)raethyllazetidine 

10 l-Benzyl-2^ (t-butoxycarbonylamlno)reethyl) azetldine 

To a solution of 14.4 g (82. O'amol) of 1-benzyl- 
2-(aminoraethyl)azetidine [French Patent 79-00258; 
C.A. 94:208573n (1981) ] , 90 ml of 1 N sodium 
hydroxide, and 125 ml of tertiary butyl alcohol was 

15 added, dropwise, 19.64 g (90 mmol) of di-tert-butyl 
dicarbonate keeping the temperature below 60°C. When 
the addition was completed, the reaction was heated 
at 60 # for three hours and then at room temperature 
for 18 hours. The solvent was removed in vacuo and 

20 the residue was partitioned between chloroform and 

water. The organic layer was washed with water, — - : 

dried (MgS04), and evaporated in vacuo to give 19.3 g 
(95%) of the title compound as a pale yellow oil, 
which was used without further purification. 

25 2-[ ( t-Butoxycarbony lam i no) methyl 1 aze t Id ine 

A suspension of 18.8 g (68.0 mmol) of 1-benzyl- 
2-1 (^-butpxycarbonylamino)raethyl ] azetidine, 8. 2 g 
(137 mmol) of acetic acid, 1.0 g of 20% palladium on 
carbon and 200 ml of tetrahydrof uran was shaken in a 

30 hydrogen atmosphere at pressures of 48.3-51.7 psi 
and temperatures of 21.S-27 0 fut 16 hours. The 
catalyst was removed by filtration and the solvent 
was removed. 

2305 85211721 




0153163 



CYf-1 



-129- 



iri vacuo to give 11.7 g (92%) of the title compound 
as a colorless viscous oil which was used without 
further purification. .,„-,^.%g%g. 

EXAMPLE W 

5 6,7,8-»Trlfluoro-l,4-dlhvdro-l-(l-methy lcvclopropyl)- 
4-oxo-3-qulnollnecarboxvllc Acid 

To 3.0 9 (11.33 snnol) of the 2,3,4,5-tetraf luoro- 
e-oxo-benzenepropanoic acid, ethyl ester was added 
2.76 g of acetic anhydride and 2.5 g of triethyl- 

10 orthoformate. These were refluxed for 2.5 hours and 
concentrated under high vacuum at 80»C. The residual 
oil was treated at 45°C with 1.33 g (1.1 equivalents) 
of 1-amino-l-methylcyclopropane hydrochloride 
(US Patent 3,451,802) in 50 ml of t-butanol. To this 

15 mixture was added 1.43 g (1.1 equivalents) of 
potassium t-butoxide in 20 ml t-butanol. After 
24 hours the mixture was treated with an additional 
1.1 equivalents of potassium t-butoxide in 20 ml of 
t-butanol and was heated to 75' for 24 hours. The 

20 reaction was cooled, partially concentrated, and 
filtered. The solids were dissolved in 75 ml of 
hot acetic acid and 25 ml of 3 N hydrochloric acid was 
added in portions over two hours at 100°C. The 
reaction was maintained at this temperature for two 

25 additional hours and 20 ml of water was added. The 
mixture was cooled and filtered to give 2.0 g of 
6,7, 8-trif luoro-1 , 4-dihydro-l- ( 1-me thy lcyclopropyl ) - 
4-oxo-3-quinol inecarboxyl ic acid, mp 292-294°C. 

EXAMPLE WW 

30 6 , 7 , 8-Tr i f luoro-1 , 4 -d i hyd ro-1- ( 2 -me thy lcyc lop ropy 1 ) - 
4-oxo-3-quinolinecarboxylic Acid 

Using the proceduie o£ Example _vv with 
2 -me thy lcyclopropyl amine (pr^-parec! as i-n US patent 
3,451,802) 3.0 g (11.33 mmol) of 2, 3, 4, 5-tetra- 

35 f luoro-e-oxo-benzenepropanoic acid, ethyl ester was 
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converted to 1.79 g of .6, 7,8-trif luoro-1 , 4- 
dihydro-l-(2-methylcyclopropyl )-4-oxo-3-quinoline- 
carboxylic acid as a mixture of isomers, mp 167-168 # C. 
— v>a^\«. EXAMPLE XX 

5 6,7, e-Trifluoro-l-tZ^^-trifluoroethvD-lt 4-dihydro- 
4-oxo-3-quinolinecarboxylic Acid 

Using the procedure of Example W with 2,2,2- 
trif luoroethylamine, 3.0 g (11.33 mmol) of 
2, 3, 4, 5-tetraf luoro-0-oxo-benzenepropanoic acid, 
10 ethyl ester was converted to 1.28 g ot the 

6,7,8-trifluoro-l-(2,2 r 2-trifluoroethyl)-l,4- 
dihydro-4-oxo-3-quinolinecarboxylic acid, mp 205207 # C. 

EXAMPLE YY 

l-(Cyclopropylmethyl)-6,7,8-trif luoro-1 , 4-dihydro- 

15 4-oxo-3-quinolinecarboxylic Acid 

Using the procedure of Example W with cyclo- 
propylmethylamine, 3.0 g (11.33 mrool) of 2,3,4,5- 
tetraf luoro-0-oxo-benzenepropanoic acid, ethyl ester 
was converted to 1.31 g of l-(cyclopropylmethyl )- 

20 6, 7, 8-trif luoro-1, 4-dihydro-4oxo-3-qui no linecarboxy lie 
acid, mp 223-255°C (slow decomposition). 

• -::v.-:- ~: ' ' EXAMPLE ZZ - 

6, 7,8-Trif luoro-1 , 4-dihydro-l-( 1-me thy 1 ethyl )-4-oxo- 
3-quinolinecarboxylic Acid 

25 Using the procedure of Example W with isopropyl 

amine, 3.0 g (11.33 romol) of 2, 3, 4, 5-tetraf luoro- 
6-oxo-benzeneproprionic acid, ethyl ester was 
converted to 1,21 g of 6, 7,8-trif luoro-1 , 4-dihydro- 
l-( 1-rae thy le thy 1 )-4oxo-3-quinol inecar boxy 1 ic acid, 

30 mp 256-260°C. 

EXAMPLE AAA 

_ l-Cyclopentyl-6,7, 8-trif luoro-1 , 4-dihydro-4-oxo- 
3-quinolinecarboxylic Acid 

Using the procedure of Example W with cyclo- 
35 pentyl amine, 3.0 g (11.33 mmol) of. 2, 3,4,5- 

tetraf luoro- 6-oxo-benzenepropanoi c acid, ethyl ester 
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converted to 1.63 g of l-cyclbpehtyl^6, 7,8- 

trifluoro-l,4-dihydro-4-oxo-3-quinolinecarboxylic 
acid, tt p 206-207'C. ,,^ i4e 

EXAMPLE BBB 

l-Cvclohexvl-6. 7 f 8- trif luoro-1 .4-dihyd ro-4-oxo-3- 
quinolin ecarboxylie ahh 

Using the procedure of Example VV with cyclo- 

hexylamine, 3.0 g (11.33 mmol) of 2, 3, 4, 5-tetra- 

f luoro-8-oxo-benzenepropanoic acid, ethyl ester was 

converted to 2.13 g of l-cyclo-hexyl-6, 7, 8-trifluoro- 

1, 4-dihyd ro-4-oxo-3-quinolinecarboxy lie acid, 
a»p 261-264°C. 

EXAMPLE CCC 

l-Cyclobutyl-6. 7. 8-t rifluoro-l. 4-dihyd ro-4-oxo-3- 

quinolinecarboxylic Acid 

Using the procedure of Example W with cyclo- 

butylamine, 3.0 g (11.33 mmol) of 2, 3, 4, 5-tetra- 

fluoro-s-oxo-benzenepropanoic acid, ethyl ester, was 

converted to 1.01 g of l-cyclobutyl-6, 7, 8-trif luoro- 

l,4-dihydro-4-oxo-3quinolinecarboxylic acid, 
mp 192-194'C. 
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CLAIMS (for BE, CH, DE f FR, GB, IT, LI, LU, 
NL, SE) : 

1. 7- h'^^Tnome thyl ) -1-pyr rol id iritfi 1-1 -eye lopropyl - 
6,8-difluoro-l,4-dihydro-4-oxo-3-quinoline- 
carboxylic acid, its lower alkyl ester or its 
pharmaceutical^ acceptable acid addition or base 
salt thereof. 

2. l-cyciopropyl-7-l3-Uethylainino)-roethyl]-l-pyrro- 
1 idinyl 1 -6, 8-d if luoro-1, 4-d ihydro-4-oxo-3- 
quinolinecarboxylic acid, its lower alkyl ester 

or its pharmaceutical^ acceptable acid addition 

or base .salt thereof. 

7- 1 3 -am i no- 1 -py r r ol id i nyl ] - 1 -c y c 1 opr opyl -6^8^, 
d if luoro-1, 4-d ihydro-4-oxo-3-qu inol inecarboxyl ic 
acid, its lower alkyl ester or its 
phanuaceutically acceptable acid addition or base 
salt thereof. 

4. 7-i3-( aminbmethyi) -1-pyr rol idinyl] -1-cyclopropyl- 
l,4-dihydro-6-fluoro-4-oxo-l, 8-naphthyr id ine- 3- 
carboxylic acid, its lower alkyl ester or its 
pharmaceutical^ acceptable acid addition or base 
salt thereof. 

5. l-cyclopropyl-7- 13-1 (ethyl amino) methyl ] -1- 
pyrrolidinyl] -1, 4-d ihydro-6-f luoro-4-oxo- 

1, 8-naphthyr id ine-3-carboxyl ic acid, its lower 
alkyl ester or its pharmaceut ically acceptable 
acid addition or base salt thereof. 

6. 7- 1 3 -amino- 1-pyr rol idinyl] -1-cyc lopropyl- 1, 4- 
d i hydro-6-fluoro- 4 -oxo- 1, 8-naphthyr id :ne-3- 
carboxylic acid, its lower alkyl ester or it:= 
pharmaceutical^ acceptable acid addition or base 
salt thereof. 
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7. l-cyclopropyl-7-l3-l{methyl*mino)m«thylHl- 
pyr rol id inyl 1 - 6 , 8 -d i £ luo ro- 1 , 4 -d ihyd ro- 4-©xo- 
3-quiKolInecarboxylic acid, its ^W&fc alkyl ester 
or its pharmaceutical^ acceptable acid addition 
or base salt thereof. 

8. 1-cyclopropyl- 7- 13- ( « thyl an ino) - 1-pyr rol id inyl ] - 
6 , 8-d i£luoro-l , 4 -d ihyd ro-4-oxo-3^uinol ine- 
carboxylic acid, its lower alityl 1 "ester or its 
pharmaceutical^ acceptable acid addition or base 
salt thereof. 

9. 1-cyclopropyl- 6, 8-dif luoro-1, 4-d ihydro-7-13-1 1 ti- 
ne thyl e thyl ) am i no) me thyl ] - 1 -py r rol id inyl ] - 4 -o xo- 
3-quinolinecarboxylic acid, its lower alkyl ester 
or its pharmaceutical^ acceptable acid addition 

or base salt thereof. 

10. A pharmaceutical composition comprising a 
compound according to any preceding claim, 
and a pharmaceutical ly acceptable diluent 
or '"'carrier therefor. • -'""~* 
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CLAIMS (for AT) i 

1* A process for preparing a compound having 
the name: 

7- I 3 - ( ami noma t hy 1 ) •> 1 -pyr rol Id 1 nyl ] - 1 -eye 1 opr opy 1 - 
*#8-diflupro-l # 4-dlbydro-4-oxo-3-quinolint- ' 
carboxyllc acid. Its lover alkyl ester or Its 
pharmaceutical^ acceptable acid addition or base 
salt thereof* 

l-cyclopropyl-7- 13-1 (ethyl araino) -methyl] -1-pyrro- 
1 idinyl] -6,8^ifluoro-l, 4^ihydro-4-oxc>-^- 
quinolinecarboryl ic acid, its lower alkyl ester 
or Its pharmaceutical^ acceptable acid addition 
or base salt thereof; 

7- 13-amino-l-pyrrolidinyl] -l-cyclopropyl-6, 8- 
difluoro-1, 4-dihydro-4-oxo-3-quinolinecarboxyl 1c 
acid, its lower alkyl ester or its 
pharmaceutical^ acceptable acid addition or base 
salt thereof; 

l-cyclopropyl-7-l3-l(»ethyl amino) methyl] -1- 
pyrrolidinyl]-6,8-difluoro-l,4-dihydro-4-oxo- 
3^uindline^ its lower alkyl ester 

or its pharnaceutically acceptable acid addition 
or base salt thereof; 

l-cyclopropyl-7-I3-(ethylanino)-l-pyrrolidinyl]- 
6, 8-difluoro-l,4-dihydro-4-oxo-3-quinoline- 
carboxylic acid, its lower alkyl ester or its 
pharnaceutically acceptable acid addition or base 
salt thereof; or 

l^ycloprbpyl-6,8^ifluoro-l,4^ihydrc^7-l3-lI(l- 
methylethyl ) amino] methyl] -1-pyrrol id inyl ) -4-oxo- 
3-quinolinecarboxyl ic acid, its lower alkyl ester 
or its pharmaceutical^ acceptable acid addition 
or base salt thereof; 
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which process comprises reacting a compound 
having the following general formula: 




wherein is a hydrogen, an alkyl of fran one to six carbon 
atoms or a cation, with an appropriate amine of formula 
ZH, wherein 2 is chosen to give the 3-substituent desired; 
and optionally forming the pharmaceutical ly acceptable 
acid addition or base salt thereof. 

2.) A process for preparing a canpound having the name: 

* 1 3 - ( an i nome thyl ) - 1 -pyr r ol id inyl 1 - 1 -eye 1 opr opy 1 - 

1 , 4-d ihyd ro- 6-f luoro- 4-oxo-l , 8-naphthyr id ine-3- 
-c*rboxylic acidy* its lower alkyl est«n5F^C5^ 
pharaaceutically acceptable acid addition or base 
salt thereof; 



6 



l-cyclopropyl-7-l3-t (ethyl amino) methyl] -1- 
pyrrolidinyl) -l,4-dihydro-6-fluoro-4-oxo- 
1, 8-naphthyr id ine-3-carboxylic acid, its lower 
alkyl ester or its pharaaceutically acceptable 
acid addition or base salt thereof,; or 



7-[jj ^mino-l-pyrrolidinyl] -1-cyclopropyl-l, I- 
dihydro-6-fluoro-4-oxo-l, 8-naphthyr idling 3- 
carboxylic acid, its lower alkyl ester or its 
pharnaceutically acceptable acid addition or base 
salt thereof; 
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which process comprises reacting a compound 
having the following general ftfsfiula" - 



O 




wherein R a is a hydrogen, an alkyl of from 
one to six carbon atoms or a cation, with an 
appropriate amine of formula ZH, wherein Z is 
chosen to give the 3-substituent desired; and 
optionally forming the pharmaceutical ly acceptable 
acid or base salt thereof. 

3. A process for producing a phararoceutical 
composition, which comprises combining a compound 
prepared by a process as claimed in any preceding 
claim together with a pharmaceutical ly acceptable 
carrier or diluent. 
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